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(57) ABSTRACT 

A method for providing a polyhierarchical classification 
includes identifying properties of objects useful for distin 
guishing objects under classification. A plurality of criteria 
are identified for Specializing the identified properties. A 
form is chosen for attributive expressions that describe 
classification categories. The attributive expressions are 
customizable and encode compositions of object properties 
in terms of attributes from the plurality of criteria. A domain 
of applicability is identified for each criterion that is repre 
Sentable by attributive expressions, and a dependence rela 
tionship between criteria is defined by the inclusion of 
attributes in the attributive expressions, where a Selected 
criterion depends on another criterion if its domain of 
applicability includes at least one attribute by the other 
criterion. A generating polyhierarchy of criteria is automati 
cally established by the dependence relationships between 
the criteria. The generating polyhierarchy of criteria implic 
itly defines an induced polyhierarchy of classification cat 
egories. 

root(C) = A 
root(C2) = A 
root(C) = A2}{3,l} 
root(C4) = A2 {2,2} 
root(C5) = At 12.4}{2,2,2} 

  



Patent Application Publication Mar. 24, 2005 Sheet 1 of 16 US 2005/0065955A1 

1 OO % \ %5% 
Manufacturer Name 

XY s xxxxxxxxxxxxxxxxxxxxxxxskxxxxxxxxxxxxxss axXXXXXXXXXXXXXXXXXXXXXXXXSXXXXXXXXXXXXXXXXss XXXXX&SXXXXXY 

% WG66% W66% %5656 36,566 256 % 2f 1 yz y 2 %99sty959% 
&Model Year 3XXX Model Year 4& Model Year 

A. XXXXXXXX XXXXXXXXXXXXXXXXXXX & S& a. <xXXXXX aXXXXXXXXXXXX Sega 

26, 2662266 263. 252266 2y2. 
Engine Type ax. S& s& Engine Type 

xx xxxxxxxxxXXXXXXXXSS s S X SXXXXXXXXXXXXXXXXXS. XXXX {Xs 
xXXX& & &XXXX 

104 
222 222 22 

ax IC Engine Family 136 kx Electric POWer Source 
1 08 axXXXXXXa 1 2 sCXXXXXX 

2 2 22, 2% 

& Fuel Type axx Fuel Type axx, Battery 
& Xxxxxs 124 Kxxxx Type 

Está 666,66%6% Wis?é61% A6 . . . . . . . .35s. 365,6356%. 3s,33 y 
116 (k^ 2ysts, 132 

s:x Gasoline Grade s XXXXXXXXXXXX 
{XX&S 

%5% sis 1561, 

sixxXXXXXXxas 

128 

Figure 1 
(Prior Art) 

  

  

  



US 2005/0065955A1 Patent Application Publication Mar. 24, 2005 Sheet 2 of 16 

N 

6 
2 2% 

% 

Figure 2 
(Prior Art) 

  

      

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Mar. 24, 2005 Sheet 3 of 16 US 2005/0065955A1 

Manufacturer Name 

%. 26%. 21.6% 56 36656 36,666 

1666,66 2.66% 565,3656, 2,656 

%5666.2% 

22 W6656 2,422s2 

Sátá 25%. 66A, %566% Wis 
types, 

56 

Figure 3 
(Prior Art) 

  



Patent Application Publication Mar. 24, 2005 Sheet 4 of 16 US 2005/0065955 A1 

400 

404 \ 

n IC Manufacturer Model Engine Fuel Gasoline 

A430 Audi 2003 IC Piston Gasoline Premium 
A-class Mercedes 2002 Electric N/A | N/A | N/A Fuel cell N/A 
Azure 6.75 Bentley 2003 IC Piston Gasoline Premium N/A | N/A 

2003 IC Piston Gasoline Regular NiA N/A 
Caravan SE Dodge 2003 IC Piston Gasoline Regular NANA 

cL32 Acura 2003 IC Piston Gasoline Premium NANA 
corola CE Toyota 2003 Ic Piston Gasoline Regular NA NA 
crown victoria Ford 2001 IC Piston LPG | N/A 
E320cdi Mercedes 2003 IC Piston Diesel N/A | N/A | N/A 
Escape XLT Ford 2003 IC Piston Gasoline Regular N/A | N/A 

Electric NANA Na Battery S. 

IC Piston Diesel NA NIA 
HD F-250 Ford 2003 IC Piston Diesel N/A | N/A | N/A 

2003 IC Piston Diesel N/A N/A 
2003 N/A 

2003 IC Piston Gasoline Regular N/A | N/A 
M5 IBMw 2003 IC Piston Gasoline Premium N/A | N/A 

2004 N/A | N/A Fuel Ceti N/A 

2004 IC Piston Diesel N/A | N/A | N/A 
RX-8 Mazda 2004 IC Rotary Gasoline Premium NA N/A 
seo CNG voivo 2002 ic Piston NE NA NA NA 
Sierra 2500 HDIGeneral Motors 2003 IC Piston Diesel 
Sierra 3500 General Motors 2003 IC Piston Diesel 

Topkick C4500 General Motors 2003 IC Piston Diesel 
vanquish V12 Aston Martin 2003 IC Piston Gasoline 
z850 BMw 2003 IC Piston Gasoline 

Figure 4 
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identifying a plurality of classification criteria for specializing classifiable 
traits of objects, wherein a domain of applicability for each criterion is 
representable as a classification category defined by an attributive 
expression composed of attributes from other criteria, or by the empty 
attributive expression. 

Choosing a form of attributive expressions for describing classification 
categories, wherein the form of attributive expressions depends on a set of 
logical operations operable for composing elementary specializations 
encoded by individual attributes. 

Partially ordering the plurality of classification criteria into a generating 
polyhierarchy of criteria by identifying domains of applicability of the Criteria 
in terms of root categories of the criteria or an equivalent form. 

Template classification 
represented by the 

generating polyhierarchy 

Superimposing the Supporting interactive 
generating polyhierarchy Search and retrieval 
to a stored set of object of information on the 
descriptions and classified objects with 

Supporting automatic 
specialization of new 
objects using an 
auxiliary programming 
environment, and 
automatic Search and 
retrieval of information 
on the classified objects 
specified by dynamically 
Constructed attributive 
expressions. 

interactively specializing an automatic 
new objects with an recognition of 
automatic recognition of domains of criteria 
domains of Criteria applicability and 
applicability and random random access to all 
access to all the currently the currently 
applicable Criteria. applicable Criteria. 

Figure 19 

    

    

    

  



Patent Application Publication Mar. 24, 2005 Sheet 14 of 16 US 2005/0065955A1 

- - - - - - - - - - - - - - - - - - - 

Globally Applicable (Unconditional) Criteria 
ESSES & Model Year E. artifacterName Engine:Type Model Year: '; 

y ris, 
------------------------------7-- rs-----------------iss----- 

le:EngineFaily : 

Internal Combustion 
OR Hybrid 

tes V 

888& gasolife s 
S 

-7'- 17, --. 

Figure 20 

:Battery:y e: Ex: 

  

  

  

  

  

  

  

  

    

  



Patent Application Publication Mar. 24, 2005 Sheet 15 of 16 US 2005/0065955A1 

PolyHDL (Polyhierarchy Definition Language) 

branch list ::= branch name branch list, branch name 
criterion definition statement ::= 

Criterion criterion name {branch list 
Criterion criterion name : definition domain {branch list 

//minimum 1 branch, maximum undefined. 

brunion ::= criterion name: branch name criterion name: ; branch list 
brunion definition statement ::= 

BrUnion brunion name brunion 
//minimum 1 branch, maximum = number of branches in the criterion. 

collection element ::= brunion name brunion 
collection element list ::= collection element collection element list, 
collection element 
collection ::= { collection element list 
collection definition statement ::= 

Collection collection name collection 
//minimum 1 brunion, maximum undefined 
//every brunion in the list must follow its direct parent. 

colunion element ::= collection name collection 
colunion element list ::= colunion element colunion element list, 
colunion element 
colunion ::= { colunion element list 
colunion definition statement ::= 

Collunion colunion name colunion 
//minimum 1 collection, maximum undefined. 

definition domain ::= collection element colunion element colunion name 
colunion 

category definition statement ::= 
Category category name definition domain 

Figure 21 

  



Patent Application Publication Mar. 24, 2005 Sheet 16 of 16 US 2005/0065955A1 

Criterion Manufacturer Name 
{ Acura, Aston Martin, Audi, Bentley, BMW, 
Chevrolet, Chrysler, Dodge, Ford, GM, Honda, 
Mazda, Mercedes, Toyota, VolksWagen, Volvo ) 

Criterion Model Year 
{ 2000, 2001, 2002, 2003, 2004 ) 

Criterion Engine Type 
{ Electric, IC, Hybrid 

BrUnion Hybrid ORIC 
Engine Type: : { IC, Hybrid ) 

Criterion IC Engine Family : Hybrid ORIC 
{ Piston, Rotary ) 

Criterion Fuel Type : Hybrid ORIC 
{ Diesel, Gasoline, LPG, Natural Gas } 

Criterion Gasoline Grade : Fuel Type: : Gasoline 
{ Regular, MidCrade, Premium } 

BrUnion Hybrid OR Electric 
Engine Type: : { Electric, Hybrid 

Criterion Electric Power Source : Hybrid OR Electric 
( Battery, Fuel Cell ) 

Criterion Battery Type : Electric Power Source: : Battery 
{ Lithium Ion, NiCd, NiMH, PbAcid ) 

Figure 22 
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METHOD OF BUILDING PERSISTENT 
POLYHERARCHICAL CLASSIFICATIONS BASED 
ON POLYHERARCHIES OF CLASSIFICATION 

CRITERA 

RELATED APPLICATIONS 

0001. This application claims the benefit of U.S. provi 
sional patent applications METHOD OF BUILDING HIER 
ARCHICAL CLASSIFICATIONS BASED ON HERAR 
CHIES OF CLASSIFICATION CRITERIA, Ser. No. 
60/498,313, filed Aug. 27, 2003, and METHOD OF BUILD 
ING PERSISTENT POLYHIERARCHICAL CLASSIFI 
CATIONS BASED ON POLYHIERARCHIES OF CLAS 
SIFICATION CRITERIA, Ser. No. 60/514,273, filed Oct. 
24, 2003, hereby incorporated by reference in their entire 
ties, as if set forth below. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates generally to construction 
and/or description of polyhierarchical classifications, and, in 
particular, to construction and/or description of computer 
Stored polyhierarchical multi-criteria classifications with 
intrinsic recognition of domains of classification criteria 
applicability and Simultaneous (random) access to appli 
cable classification criteria. 

0004 2. Description of the Related Art 
0005 Classification of sets of arbitrary entities such as 
objects, relations, processes, concepts, Subjects, etc., is a 
basic paradigm used by both the human mind and present 
day information technologies for Storage, retrieval, analysis 
and Systematization of knowledge. The kernel principle of 
classification is decomposition of a classified Set into a 
number of classes (categories) in accordance with a system 
of rules (criteria). If categories are ordered by a directed 
relationship, Such as “abstract-concrete”, “general-specific', 
or “parent-child” they form a polyhierarchical structure. The 
term “polyhierarchical structure' is intended to include both 
Single and multiple inheritance relationships between cat 
egories. In other words, a category in a polyhierarchical 
Structure may have one or more than one parent. 
0006 Polyhierarchical classifications provide a dramatic 
increase of functionality as compared with classifications 
constructed without ordering categories by their abstraction 
level. In fact, the latter can be used only to Store, Search for, 
and retrieve information. In contrast, the former creates a 
well-developed formalism for manipulating Systems of 
interrelated abstract entities, thus providing the ability to 
proceSS information acroSS different abstraction levels, cre 
ate new languages, formalisms, concepts, and theories. 
0007 Persistent polyhierarchical classifications include 
Structures that are relatively Stable. Persistence of a classi 
fication denotes that a Set of categories and System, for 
example, of the “general-specific' relationships between 
them must be pre-designed and Stored in a permanent 
descriptive repository. Further extensions and refinements of 
a persistent classification may include the introduction of 
new criteria, categories, and relationships. Previously devel 
oped parts of a persistent classification ordinarily remain 
unchanged when extending a classified Set, adding new 
Selection options to existing criteria, and introducing new 
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criteria. Moreover, a run-time modification of a persistent 
classification is generally not permitted. This means, in 
particular, that the accessible Search options including key 
words and ranges of parameters are permanently Stored in 
the descriptive repository. 

0008 Persistent classifications are a foundation for col 
laborative development of general, reusable, and Standard 
ized Systems. For example, hierarchies of classes, Subjects, 
and aspects in object-oriented (OO), Subject-oriented 
(SO), and aspect-oriented (AO) programming, respec 
tively, are persistent classifications. The classifications used 
in natural Sciences, Such as taxonomies of Species, classifi 
cations of minerals, chemicals, astronomical objects, natural 
languages, fundamental particles, mathematical abstrac 
tions, and countless others are persistent as well. 
0009 Classification schemes are used in the vast majority 
of modem computer-aided information Systems. Such as 
electronic data repositories, computer modeling environ 
ments, expert Systems, and many others. In particular, elec 
tronic data repositories are increasingly being used to Store, 
Search for, and retrieve data. These repositories are capable 
of Storing and providing access to large Volumes of infor 
mation. 

0010. The Internet is one factor that has contributed to the 
demand for electronic data repositories and to their prolif 
eration. A large number of websites on the Internet, for 
example, allow users to Search though data repositories and 
retrieve information free of charge. Several well-known 
examples include websites advertising vehicles available for 
purchase. These websites typically allow the user to Search 
though the repository by entering Search criteria, Such as the 
make of the vehicle, the model, price range, color, and the 
like. Internet Search engines are another example of an 
application that Searches for, and retrieves information from 
an electronic repository. Other applications include cata 
logues and directories, online documentation, and compo 
nents of operating Systems, as well as countless others. In 
short, the ability to electronically search for and retrieve 
information has become essential in a number of different 
Software and commercial environments. Data repositories 
are often Very large in size. Managing, organizing, and 
classifying the data is essential in maximizing the usefulness 
of the repository. The usual approach is to organize and 
manage the repository using a multi-criteria classification 
Scheme, which can be hierarchical and/or persistent depend 
ing on the desired functionality. 
0011) A number of advanced applications work with sets 
of abstract entities rather than plain data. These applications 
may include OO, SO, and AO programming environments, 
as well as, component based Software engineering (CBSE) 
Systems, intelligent databases, content management and 
expert Systems. Such applications explicitly use persistent 
hierarchies of classes, aspects, etc. as formal Schemes for 
defining entities of different abstraction levels, describing 
relations between them, and manipulating abstract entities 
rather than Specific objects. 

0012. The use of hierarchical classifications provides a 
mechanism for logical operations, Such as generalization, 
Specialization, and composition of information. For 
example, the OO programming paradigm is based on class 
hierarchies formed by inheritance relationships. Under this 
approach, a child class includes the data (instance variables) 
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and functions (class methods) of its parents, along with Some 
additional ones. In other words, the child class is similar to 
its parents except for Some additional features. This creates 
a so-called abstraction mechanism (i.e., a way of accessing 
a class object by reference to its abstract parent class with 
automatic data mapping and class method dispatch). Object 
oriented hierarchies can be treated as multi-criteria classi 
fications whose criteria are represented by Sets of inheritance 
relationships sharing common parent classes. 
0013 Modern approaches to multi-criteria classification 
Schemes generally use representations in terms of trees, 
directed acyclic graphs (DAGs), compositions of trees, or 
Set based formulas. These approaches, however, do not 
provide efficient Support for development, maintenance, and 
use of general persistent polyhierarchical classifications. 
Several disadvantages of present-day multi-criteria classifi 
cation Schemes are discussed below for the case of a 
Simplified classification of automobiles. 
0.014. In FIG. 1, an illustrative tree-structured hierarchi 
cal classification scheme 100 is presented, where boxes 
(nodes of the tree) denote categories. The tree structure 100 
graphically presents one illustrative example of a System of 
parent-child relationships, described above. For example, 
node 104 is the parent to nodes 108 and 112. Likewise, node 
112 is the parent to nodes 116, 120, and 124. 
0.015 The criteria in this example include manufacturer 
name, model year, engine type, internal combustion (IC) 
engine family, electric power Source, fuel type, gasoline 
grade, and battery type. Some criteria are applicable to only 
Specific kinds of cars, but not to other types of cars. For 
example, the "gasoline grade” criterion is applicable only for 
cars with IC engines requiring gasoline fuel. Likewise, the 
"battery type' criterion, in this illustrative example, is 
applicable only for electric cars with battery power Sources. 
Such criteria can be called conditional criteria because their 
applicability depends on Specific Selections made under 
more general criteria. 
0016) Information on available cars in a hypothetical 
electronic data repository may be organized and Searched 
based on the criteria shown. For example, data entries 
related to Toyota cars manufactured in 2003 with internal 
combustion piston engines fueled with regular gasoline 
should be classified under node 128, while data on electric 
Toyota cars manufactured in 2003 with Lithium Ion batteries 
should be classified under node 132. To retrieve information 
on these cars, the corresponding attribute values (i.e., 
Toyota, 2003, IC engine, etc.) may be entered in Succession. 
0017 Unfortunately, the tree-structured hierarchical clas 
sification scheme 100 forces the developer to decide early on 
which criterion is most important. For example, in FIG. 1, 
the most preferable (i.e., most significant) criterion in the 
classification scheme 100 is “manufacturer name'. The 
second and third most preferable criteria are “model year' 
and “engine type', respectively. The developer is forced to 
rank the importance of the different criteria because tree 
hierarchies require Strictly predefined Sequence of Selec 
tions. The applicable, but lower ranking criteria are not 
Searchable until the higher ranking (i.e., more preferable 
criteria) are satisfied. For example, the classification 100 
does not provide the capability to Search for electric cars 
directly. Instead, the Search begins with the most preferable 
criterion, the make of the car. After this Selection, the Search 
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progresses with the next most preferable criterion, the model 
year, and So on. If information on all electric cars had to be 
retrieved, using this classification Scheme, a variety of 
combinations of makes and model years must be browsed by 
moving logically up and down the tree 100. This limitation 
is commonly referred to as the “predefined path’ problem. 

0018. Another disadvantage of tree-type hierarchies is 
the mutual eXclusivity of Subcategories corresponding to 
different Selection options of a criterion. When a category of 
objects is specialized by a criterion, only one of the available 
options is selectable (i.e., different options are considered to 
be mutually exclusive). This may be confusing, for example, 
if a feature defined by a lower-ranking criterion is equally 
applicable for Several options of higher-ranking criteria. For 
example, cars with internal combustion engines in the clas 
sification 100 are supplied with engine specifications like IC 
engine family, fuel type, etc. A practical classification 
Scheme should include the same Specifications for hybrid 
engine cars, Since they are also equipped with IC engines. In 
other words, the sub-tree rooting from node 104 has to be 
duplicated Starting from node 136. If, for example, infor 
mation was needed on all cars having a rotary internal 
combustion engine, the information is not capable of being 
retrieved in one step. Instead, the Selection of engine type 
(e.g., internal combustion, hybrid, etc.) is made first, thus 
requiring Separate Searches of hybrid cards and regular cars 
with IC engines, and the results are then manually com 
bined. This problem is made more confusing if access to a 
feature of interest required multiple Selections for every 
combination of appropriate higher-ranking options. 

0019. These disadvantages arise, at least in part, due to 
the conjunctive logical Structure of tree hierarchies. Elemen 
tary Specializations performed by Selecting options by dif 
ferent criteria describe a set of traits connected by the logical 
operator AND. For example, node 124, in FIG. 1, 
describes a Subcategory of cars “manufactured by Toyota' 
AND “made in 2003”. AND “having internal combustion 
engines' AND “having piston IC engine”. AND “fueled with 
gasoline'. A one-step Search for cars with rotary engines 
would conceivably be possible by using the disjunctive 
formula "internal combustion” OR “hybrid” engine. How 
ever, tree hierarchical Structures do not Support disjunctive 
Superposition of properties (i.e., they do not allow the 
developer to describe sets of traits combined by logical OR). 
0020. Another disadvantage of tree-structured classifica 
tions relates to fast multiplication of Sub-trees with increases 
in Simultaneously applicable criteria. Continuing with the 
example of FIG. 1, if the simplified classification 100 
includes twenty manufacturer names and five model years, 
then the Sub-tree Starting from the criterion “engine type' 
would have to be repeated for all meaningful combinations 
of these options (about 100 times). If the classification 
includes three additional criteria: “brand” (10 options on 
average), “exterior category’ (10 options), and “price range” 
(10 options), the total number of sub-trees duplicated 
increases up to about 100,000. 
0021 Furthermore, a more comprehensive specialization 
of technical characteristics of piston engines (ICP) may 
require introduction of at least three more criteria: “ICP 
family”, “number of cylinders” and “cylinders volume 
range' with approximately 6 to 8 options each. In this case, 
the sub-tree starting from the criterion “fuel type” would be 
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repeated 20,000,000 to 50,000,000 times. Finally, a full 
Scale commercial version of the car classification would 
implement about 70 criteria in total, and the respective tree 
Structure would contain an astronomical number of nodes. A 
vast majority of these corresponding categories are interme 
diate abstract categories and empty leaf categories because 
there are only a limited number of different car models in the 
World. However, to Support the appropriate Sequences of 
transitions between categories and retrievals of respective 
criteria, in most cases, a large percentage of the intermediate 
nodes must be enumerated and Stored. Therefore, Such a 
Structure would become unmanageable due to the amount of 
data Stored in a repository or incorporated in a computer 
program to Support the tree hierarchy. 

0022. Directed acyclic graphs (DAGs) that can be 
Viewed as generalization of trees are one approach used to 
reduce the aforementioned predefined path problem. Similar 
to trees, DAGs represent hierarchical classifications as cat 
egory Sets Strictly ordered by directed relationships, Such as 
“abstract-concrete”, “general-Specific”, “parent-child”, etc. 
However, in contrast to trees, DAGs allow each category to 
have more than one parent (i.e., DAGs utilize the so-called 
multiple inheritance concept). 
0023 FIG. 2 illustrates a relatively small topmost frag 
ment of a DAG representing the same Sample classification 
of automobiles shown in FIG. 1. Vertices of the graph 200 
(boxes) and its edges (arrows) denote, respectively, classi 
fication categories and inheritance relationships between 
them. Due to Simultaneous applicability of Some criteria the 
shown polyhierarchical classification uses multiple inherit 
ance. For example, the vertex 216 of the graph 200 has two 
parent vertices: 204 and 208. Likewise, the vertex 228 is a 
common child of the vertices 216, 220, and 224. When 
performing a Search, multiple inheritance mechanism pro 
vides an opportunity to use any criterion applicable at the 
current level of Specialization. 

0024. A search may be started with any of thee criteria, 
“manufacturer name”, “model year', or “engine type' appli 
cable to all cars. After a Selection, the Search progresses with 
the remaining originally applicable criteria (if any), as well 
as with other criteria that may become applicable due to the 
Selection just made, and So on. For example, if "internal 
combustion' of the criterion “engine type' is Selected, the 
next Selection available includes one of the remaining cri 
teria “model year”, “manufacturer name', or the new crite 
rion “IC engine family' applicable to all the cars with IC 
engines. In contrast to trees, DAGS provide Simultaneous 
(random) access to all currently applicable criteria, and a 
Sequence of Selections corresponds to a particular path on 
the graph. For example, the vertex 228 can be reached from 
the root “ALL CARS” by any of six paths: (->204->216-> 
228), (->204->220-228), (->208->216->228), (->208-> 
224->228), (->212->224->228), or (->212->220->228) 
corresponding to six respective criteria transpositions. 

0.025 Directed acyclic graph structured polyhierarchical 
classifications resolve the predefined path problem at the 
expense of an even more dramatic increase in the amount of 
descriptive data. To provide a full variety of possible Selec 
tion Sequences, all meaningful combination of options from 
different criteria, and all possible transitions between them 
must be represented by graph vertices and edgeS. To illus 
trate by example, a topmost Sub-graph reflecting only five 
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globally applicable criteria of the car classification: “manu 
facturer name”, “model year”, “brand”, “exterior category', 
and “price range', would contain 167,706 vertices and 
768,355 edges. Due to the large amount of mandatory stored 
data, DAG representations are not relevant for a vast major 
ity of practical applications. 
0026. As described above for tree-type hierarchies, 
DAGs also include the disadvantage of the mutual eXclu 
Sivity of different Selection options of a criterion, discussed 
above. Thus, logical disjunctions of traits are not allowed 
when developing and using DAGS Structured polyhierarchi 
cal classifications. Directed acyclic graphs introduce an 
additional limitation in relation to testing for the "parent 
child' relationships between mutually distant categories. In 
FIG. 2, for example, this problem is illustrated when testing 
whether vertex 228 is a distant child of vertex 232. 

0027 ADAG is usually stored in a computer as an array 
of Vertices, where each vertex is Supplied with lists of its 
immediate parents and children. Continuing with the 
example shown in FIG. 2, to check whether vertex 228 is a 
distant child of vertex 232, a first step is to determine 
whether the list of immediate parents of vertex 228 includes 
vertex 232. If it does, then the latter is a parent of vertex 228. 
If not, the next Step is to check the immediate parents of 
vertices 216, 220, 224 for the presence of vertex 232. If 
vertex 232 is found in one of these lists, then it is a 
grandparent of vertex 228. Otherwise the test is continued 
with lists of immediate parents of the grandparent vertices, 
and so on. If vertex 232 is not found, the algorithm finally 
reaches the root vertex "ALL CARS'. In this case, it is 
concluded that vertex 232 is not a distant parent of vertex 
228. From this example, it is clear that the test requires a 
combinatorial Search over all levels of intermediate parents, 
hence its cost exponentially grows with the increase of the 
number of levels. Therefore, a test for distant inheritance 
may consume an unacceptable large amount of computer 
resources when processing relatively large DAGs. 
0028. To reduce the described problems with trees and 
DAGs, modern “synthetic' classification methods use com 
positions of multiple trees, changing the most preferable 
criteria for each tree. In particular, this approach may be 
implemented via the concept of “faceted classification'. 
FIG. 3 illustrates one application of facets to the sample 
classification of automobiles shown in FIGS. 1 and 2. In 
this example, instead of arranging classification categories 
into a single polyhierarchy, the method uses a number of 
facet hierarchies, each reflecting an independent and persis 
tent classification aspect. 
0029. The classification aspects represented by different 
facets are mutually exclusive and collectively form a 
description of object properties identifying classification 
categories. Mutual eXclusivity of aspects means that a char 
acteristic represented by a facet does not appear in another 
one. In this example, the sample classification 300 includes 
five facets: “manufacturer name”, “model year”, “engine 
type”, “fuel type”, and “battery type”. In contrast to trees 
and DAGs, a faceted classification does not define catego 
ries in advance. Instead, it combines the properties described 
by different facets using a number of loose but persistent 
relationships. For example, the category 124 of the tree 
classification 100 corresponds to a composition of the four 
categories 304, 308, 312, and 316, pertaining to different 
facets. These categories are called facet headings. 
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0.030. When performing a search, a selection may be 
made from the facets in arbitrary order. For example, a 
Selection may specify internal combustion engine (node 320 
of the facet “engine type”), Toyota (node 304 of the facet 
“manufacturer name”), gasoline fuel (node 316 the facet 
“fuel type”), year 2003 (node 308 of the facet “model year”), 
piston engine (node 312 of the facet “engine type’), and So 
on. Each facet functions like an independent hierarchical 
classification (i.e., after each Selection the process moves to 
the next applicable criterion, if any). At each Step of spe 
cialization, a computer program Supporting faceted classi 
fication retrieves the list of car models having the Set of 
properties collectively defined by different facets. 
0031. Unfortunately, faceted classifications include a 
number of limitations. For example, faceted classification 
methods require splitting a classification into a set of inde 
pendent hierarchies, which hides domains of criteria appli 
cability. In the illustrative example of FIG. 3, the facet “fuel 
type' is applicable only to cars with internal combustion 
engines, while the facet "battery type' is applicable only to 
electric cars. The logical structure of the classification 300 
itself does not include rules defining applicability of the 
facets in different contexts. To provide the classification with 
automatic recognition of domains of facets applicability, the 
developer is forced to Supply the classification with addi 
tional descriptive data structures and/or managing programs. 
When developing a full-scale practical classification con 
taining dozens or even hundreds of facets, these auxiliary 
descriptions and/or programs may become extraordinarily 
Sophisticated. For example, to describe appropriate Systems 
of facet interactions, modem Faceted Knowledge Represen 
tation (FKR) approaches, involve cumberSome mathemati 
cal constructions Such as association and production rules, 
hierarchical relationships, roles and purposes of facets, 
meta-facets, and the like. 

0.032 These techniques are used to describe multi-level 
Systems of relationships between finite Sets of units charac 
terized by their relations to other units but not by their 
internal properties, and, in particular, to establish domains of 
facet applicability. Advanced FKR methods are capable of 
representing Sophisticated Systems of relationships, but 
when implemented for constructing complex polyhierarchi 
cal classifications based Solely on "general-Specific' rela 
tions, they become inconvenient for practical implementa 
tions due to the large number of auxiliary data Structures. 
Such an approach becomes exasperating for the developer 
because it requires manipulating highly abstract concepts, 
but does not offer a clear logical approach to building 
classification. 

0033. In addition, faceted classifications do not automati 
cally provide a persistent polyhierarchical Structure of a 
classification. In fact, faceted classifications implement per 
Sistent inheritance relationships only within Separate facets. 
The final classification categories are formed dynamically in 
run-time and are described by combinations of indepen 
dently Specified properties. If Some facets are not globally 
applicable, a global polyhierarchical Structure is not defined 
unless Supplementary rules for defining compatibility and 
priority of headings from different facets are introduced. For 
example, it is not possible to check directly whether the 
category "Toyota cars fueled with gasoline', defined by a 
composition of the headings 304 and 316 in FIG. 3, is 
included in the category "Toyota cars having internal com 
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bustion engines', defined by a composition of the headings 
304 and 320. Generally, extra rules for defining cross-facet 
inheritance relationships can be described using auxiliary 
data Structures or program codes, mentioned above, but this 
would only move the problem from one part of a project to 
another. Because of the lack of global polyhierarchical 
Structure, faceted classifications are ordinarily only imple 
mented in plain data repositories Supporting approximate 
interactive Search and retrieve operations, which are usually 
Supplemented with additional Specialization techniques, 
Such as Search by keywords. They are not relevant for more 
advanced applications, Such as Supporting fully automatic 
classification of objects, Search and retrieval of information, 
run-time logical operations on abstract categories, etc. with 
out human control. 

0034) Moreover, in practical cases, it can be difficult to 
appropriately Separate classification aspects for representa 
tion by a set of independent hierarchies. One approach is to 
build a relatively Small number of large multi-criteria facets. 
If, for example, the facets “fuel type' and “battery type” 
shown in FIG. 3, were included as Sub-hierarchies in the 
facet “engine type”, the classification 300 would automati 
cally resolve domains of criteria applicability. However, in 
this case, the developer would encounter the same problems 
of predefined path and/or category multiplication typical for 
large trees and DAGs. 
0035) Smaller facets generally improve flexibility of the 
classification. If, for example, the criteria"IC engine family' 
and "electric power Sources are extracted and represented 
as independent facets, they may then be Suitable for use in 
wider contexts. This classification design, however, would 
result in further encumbering Supplementary data Structures 
or program codes defining applicability and consistency of 
facets in terms of roles or purposes of facets, meta-facets, 
etc. Therefore, a classification developer has to find an 
optimal design that reduces the complexity of both indi 
vidual facets and rules of their interactions (i.e., Satisfy two 
contradictory requirements). In practice, the Solution to this 
problem may be difficult or nonexistent. As a result, many 
faceted classification tools do not include mechanisms for 
the control of applicability and consistency of facets, thus 
creating an opportunity for errors when developing and 
using the classification tool. 
0036). Other techniques of tree or DAG compositions are 
unified by the concepts of “separation of concerns” (SOC) 
and “multi-dimensional Separation of concerns’ 
(MDSOC). These approaches are currently used for build 
ing Software engineering environments for Subject and 
aspect oriented programming (SOP and AOP, respec 
tively) and subject oriented databases (SOD). SOC, for 
example, has been developed as a Supplementary tool for 
existing OO programming languages, Such as C++, Java, 
and Smalltalk. 

0037. In an attempt to solve the predefined path problem, 
these approaches introduce one or more additional tree 
Structured hierarchies, Similar to the unified modeling lan 
guage (UML) class diagrams that provide crosscutting 
access to categories of the dominant class hierarchy. In other 
words, different trees representing areas of concern are built 
and associated with the dominant tree of classes. In one 
example, SOC allows a developer to build any number of 
overlapped trees associated with the same Set of classes. A 
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Set of user-defined composition rules describes application 
Specific Scenarios of the class method dispatch and data 
mapping. MDSOC Supports composing concerns into tree 
Structured hyperSlices considered hyperplanes in the hyper 
Space of concerns, thus allowing So-called “multiple classi 
fications' based on compositions of concerns. 
0038) SOC and MDSOC are specialized approaches 
intended Solely for efficient non-invasive extension of 
object-oriented computer codes while keeping the advan 
tages of the object-oriented inheritance mechanism. They 
cannot realistically be considered as general principles for 
constructing complicated polyhierarchical classifications 
with dynamically retrieving particular Sub-hierarchies in run 
time. For instance, both concerns and hyperSlices are typi 
cally tree-structured hierarchies. Generation of a new hyper 
Slice is a Static procedure Since it requires additional pro 
gramming, recompiling, and re-debugging the code. 

0039. In addition, the composition rules used for defining 
hyperSlices depend on Specific features of the basic object 
oriented environment and descriptions of particular Software 
System units. Structure of the dominant object-oriented class 
hierarchy imposes restrictions on construction of auxiliary 
hierarchies since the latter must refer to the same classes, 
instance variables, and class methods. This problem is 
commonly referred to as “tyranny of dominant concern”. If 
a classification Scheme uses Some heuristic criteria that 
cannot be formally derived from the existing Source code, 
module configurations, and the like, then a comprehensive 
description of additional composition rules has to be manu 
ally developed. In general cases, it is expected to be an 
arduous job that should require a great deal of professional 
expertise. 

0040 Moreover, due to their narrow specialization, SOC 
and MDSOC use comprehensive descriptive structures, such 
as Sets of Sub-trees describing concerns and hyperSlices, 
rules of class method dispatch, and the like, which are 
unnecessary for the classification purpose itself. Even after 
removing the object-oriented Specific components and leav 
ing only descriptions of inheritance relationships, dependen 
cies would not allow SOC or MDSOC to be implemented for 
real-world polyhierarchical classifications due to the amount 
of programming work and computer resources required for 
development, Storage, and maintenance. 

0041 Another classification approach is based on using 
Set-theoretic operations and logical formulae for building a 
classification in run-time. These approaches generally use 
the concept of “set based classification'. They are typically 
implemented in the So-called dynamic classification tools, as 
well as in the rough Sets theory and granular computing 
methods intended for machine learning and data mining. 
0.042 A set based classification typically uses an infor 
mation table containing attributive descriptions of properties 
of classified objects. FIG. 4 illustrates an information table 
400 corresponding to the illustrative classification of auto 
mobiles shown in FIGS. 1, 2, and 3. A first field 404 of the 
table 400 lists classified car models, while the remaining 
eight fields Specify car characteristics. Each of these eight 
fields corresponds to a criterion from the tree classification 
100 shown in FIG. 1. 

0.043 Table cells contain the attributes defining respec 
tive car characteristics, where each relevant attribute corre 
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sponds to one of the available Selection options. The Set of 
attributes from a table row exhaustively Specifies a compo 
Sition of characteristics definable by the eight-criteria clas 
sification. The attributes can be represented not only by 
enumerated identifiers but also by loose keywords or 
numerical parameters taking values from a continuous 
range. A Search may be conducted that includes the Selection 
of discrete attributes and ranges of attributive numerical 
parameters in arbitrary order. At each Stage of Selection, the 
repository management System retrieves a set of all objects 
having the Specified Subset of attributes. For example, using 
the table in FIG. 4, a search can be narrowed step-by-step 
by Successively Selecting options, Such as "fuel type=gaso 
line”, “model year=2003”, “IC engine family=rotary', 
“manufacturer name=Mazda', and So on. The Search pro 
ceeds until the retrieved Set of cars is reduced to an accept 
able size. In this manner, Set based classifications Support 
random access to all the classification criteria, thus resolving 
the predefined path problem. 

0044) Moreover, set based classifications permit retrieval 
of Specific Subsets defined by arbitrary compositions of 
Set-theoretic operations, Such as interSection, unification, 
and difference of Subsets. When performing a Search, com 
positions may be represented in terms of logical combina 
tions of constraints imposed on the attributes. For example, 
the following illustrative formula may be used when search 
ing the table 400 ((“fuel type=gasoline”. AND “manufacturer 
name=Mazda') OR (“fuel type=diesel”. AND “manufacturer 
name=Toyota')) AND (“model year>2000” OR NOT “IC 
engine family=rotary'). 
0045. Unfortunately, set based classifications are a spe 
cialized approach not generally applicable for development 
of real-world polyhierarchical classifications. The approach 
does not imply the existence of a global persistent polyhi 
erarchy. For example, when performing a Search with a 
dynamic classification tool, each category is described by a 
user-specified logical formula without any relation to other 
categories. Rough Sets and granular computing based Sys 
tems automatically build hierarchies of the So-called deci 
Sion rules expressed in terms of logical formulae. However, 
these hierarchies are intended Solely for making particular 
conclusions based on Statistical correlations between prop 
erties of available objects, rather than for building pre 
designed multi-criteria categorizations. They are not persis 
tent because their structure depends on available Sets of 
objects listed in the information table. Moreover, because of 
tree Structuring, the decision rule hierarchies restore both 
predefined path and category multiplication problems. 

0046) Information tables do not use domains of criteria 
applicability. In a typical case, many criteria will only be 
applicable to a few of the objects, thus resulting in numerous 
empty or "N/A" cells. The more conditional (i.e. locally 
applicable) criteria that are used the greater the percentage 
of empty cells. As a result, when Storing information on 
qualitatively diverse objects, information tables become 
very inefficient. Moreover, the lack of automatic control of 
criteria applicability creates an opportunity for errors during 
data input into the information table. In fact, when describ 
ing a new object with conventional classifications, a data 
entry person manually Selects all the criteria applicable to 
the object and enter attributes for those criteria. In a real 
World application, a classification can use dozens or even 
hundreds of criteria, while only a few of the criteria may be 
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applicable to a particular object. Without the advantage of 
automatic recognition of criteria applicability, correct data 
input becomes unmanageable. For example, if a classifica 
tion does not provide automatic recognition of criteria 
applicability, Some applicable criteria may be missed, or 
attributes by non-applicable criteria may be mistakenly 
entered. 

0047 Recently developed advanced search systems, such 
as Universal Knowledge Processor (UKP) uses the 
dynamic taxonomies' technique (described in Italian Patent 
No.: 01303603), combine faceted and set based classifica 
tion approaches. When interactively Searching for informa 
tion, the dynamic taxonomies provide a graphic user inter 
face that allows for Specializations to occur using different 
facets while concurrently performing Set-theoretic opera 
tions between them. However, this approach inherits disad 
Vantages of both Set-based classifications, Such as lack of a 
pre-designed global polyhierarchy and dependence on the 
amount of available data, and faceted classifications, Such as 
predefined path and Sub-tree multiplication problems. Its 
range of applicability is therefore limited. It cannot be used, 
for example, for non-interactive retrieval of information, 
manipulating abstract categories without reference to avail 
able objects, and describing diverse Sets of objects. 
0.048 What is needed, therefore, is a more general 
approach to the construction of hierarchical classifications 
that may provide, for example, the following Set of features: 

0049) 1. Global polyhierarchical system of classifi 
cation categories Supporting intrinsic recognition of 
domains of criteria applicability and Simultaneous 
(random) access to all the applicable criteria; 

0050 2. Persistence of the polyhierarchy and, in 
particular, invariance of its previously developed 
part with respect to extension of the classified Set, 
addition of new Selection options to existing criteria, 
and introduction of new classification criteria; 

0051 3. Compactness of descriptive data structures 
that provide the ability to avoid cumulative multi 
plication of explicitly enumerated and mandatory 
Stored classification categories, as well as interrela 
tions between them, or other descriptions, 

0052 4. Support for set-theoretic operations, includ 
ing interSections, unifications, complements and dif 
ferences of Sub-categories, 

0053) 5. Efficient realization of the algorithm of 
testing categories for distant inheritance relation 
ships, and/or 

0054 6. Conceptual simplicity of the design pro 
ceSS, as well as further unplanned extensions and 
refinements. 

0.055 The present invention is directed to overcoming, or 
at least reducing the effects of, one or more of the problems 
set forth above. 

SUMMARY OF THE INVENTION 

0056. In one aspect of the present invention, a method for 
providing a polyhierarchical classification is provided. The 
method includes identifying properties of objects considered 
useful for distinguishing the objects under classification. A 
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plurality of criteria are identified for Specializing the iden 
tified properties of the objects. Each criterion of the plurality 
of criteria is defined by a set of mutually exclusive attributes 
So that a single classified object can be assigned no more 
than one attribute by the same criterion. A form is chosen for 
attributive expressions that describe classification catego 
ries. The attributive expressions are information Structures 
encoding logical formulas that define compositions of object 
properties in terms of attributes from the plurality of criteria, 
and the form of the attributive expressions is customizable. 
A domain of applicability is identified for each criterion. The 
domains of applicability are representable by attributive 
expressions composed of attributes from other criteria or the 
empty attributive expression, and a dependence relationship 
between criteria is defined by the inclusion of attributes in 
the attributive expressions, where a Selected criterion 
depends on another criterion if the attributive expression 
defining its domain of applicability includes at least one 
attribute by the other criterion. A generating polyhierarchy 
of criteria is automatically established by the dependence 
relationships between the criteria. In the generating polyhi 
erarchy of criteria, the attributive expressions identifying 
domains of applicability of criteria define corresponding 
root categories, and each criterion originates from its respec 
tive root category. When established, the generating polyhi 
erarchy of criteria implicitly defines an induced polyhierar 
chy of classification categories without requiring an explicit 
enumeration of the categories and an order between them. 
0057 These and other objects of the present invention 
will become apparent to those of skill in the art upon review 
of the present specification, including the drawings and the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0058. The invention may be understood by reference to 
the following description taken in conjunction with the 
accompanying drawings, in which the leftmost significant 
digit(s) in the reference numerals denote(s) the first figure in 
which the respective reference numerals appear, and in 
which: 

0059 FIG. 1 schematically illustrates a tree structured 
multi-criteria classification Scheme 100 representing a 
Sample hierarchical classification of automobile models, 
0060 FIG. 2 schematically illustrates a topmost frag 
ment of a directed acyclic graph (DAG) structured polyhi 
erarchical classification scheme 200 in place of the tree 
classification 100 as shown in FIG. 1; 
0061 FIG. 3 schematically illustrates a faceted classifi 
cation scheme 300 in place of the tree and directed acyclic 
graph (DAG) classifications 100 and 200 as shown in FIGS. 
1 and 2, respectively; 
0062 FIG. 4 schematically illustrates an information 
table 400 to be used in a set-based classification in place of 
the tree, directed acyclic graph (DAG), and faceted classi 
fications 100, 200, and 300 as shown in FIGS. 1, 2, and 3, 
respectively; 

0063 FIGS. 5-22 schematically illustrate various 
embodiments of a method, a device, and a System according 
to the present invention, wherein, more Specifically: 
0064 FIG. 5 schematically illustrates partial classifica 
tion by a criterion C (N=4); 
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0065 FIG. 6 schematically illustrates partial classifica 
tion by another criterion C (N=2); 
0.066 FIG. 7 schematically illustrates classification by 
Superposition of criteria C and C, 
0067 FIG. 8 schematically illustrates classification by 
Superposition of five criteria, where the last three criteria are 
conditional criteria that depend of the first two; 
0068 FIG. 9 schematically illustrates the classification 
from FIG. 8 in the form of a directed acyclic graph (DAG), 
where bold borderS denote root categories of criteria; 
0069 FIG. 10 schematically illustrates the generating 
polyhierarchy of criteria for the example as shown in FIGS. 
8 and 9, where the phantom lines denote imaginary graph 
components, 

0070 FIG. 11 shows one illustrative embodiment of a 
database configuration facilitating polyhierarchical classifi 
cations based on attributive expressions in the form of 
Simple collections, 

0071 FIG. 12 schematically illustrates a three-window 
graphic user interface according to various illustrative 
embodiments for the polyhierarchical classification as 
shown in FIG. 11; 

0.072 FIG. 13 schematically illustrates a classification of 
Matlab objects by two dependent criteria in the form of a 
directed acyclic graph (DAG), where bold borders denote 
root categories, 

0073 FIG. 14 shows one illustrative embodiment of a 
database configuration facilitating polyhierarchical classifi 
cations based on attributive expressions in the form of 
collections of attributes with branch unions; 

0074 FIG. 15 shows one illustrative embodiment of a 
database configuration facilitating classifications based on 
attributive expressions in the form of unions of Simple 
collections, 

0075 FIG. 16 schematically illustrates a fragment of the 
generating polyhierarchy of a classification of mathematical 
objects (available from QNT Software Development Inc., 
for example), where root categories of criteria are shown as 
gray blocks, 

0076 FIG. 17 schematically illustrates a sub-tree of an 
original custom classification; 
0077 FIG. 18 schematically illustrates a typical sub-tree 
of the restructured classification resulting from the Sub-tree 
of the original classification shown in FIG. 17; 
0078 FIG. 19 illustrates a simplified block diagram of a 
method practiced in accordance with one embodiment of the 
present invention; 

007.9 FIG. 20 schematically illustrates a generating 
polyhierarchy of criteria 2000 implicitly defining a sample 
polyhierarchical classification of automobile models in 
place of the tree, DAG, faceted, and Set-based classifications 
as shown in FIGS. 1, 2, 3, and 4, respectively; 

0080 FIG. 21 illustrates a summary of syntax of the 
Polyhierarchy Description Language (PolyHDL) for 
describing generating polyhierarchies, and 
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0081 FIG.22 illustrates one embodiment of a PolyHDL 
description of the Sample generating polyhierarchy shown in 
FIG. 20. 

0082) While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments 
thereof have been shown by way of example in the drawings 
and are herein described in detail. It should be understood, 
however, that the description herein of Specific embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within 
the Spirit and Scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0083 Illustrative embodiments of the invention are 
shown in FIGS. 5-22. In the interest of clarity, not all 
features of an actual implementation are described in this 
Specification. It will of course be appreciated that in the 
development of any Such actual embodiment, numerous 
implementation-specific decisions must be made to achieve 
the developerS Specific goals, Such as compliance with 
System-related and busineSS-related constraints, which will 
vary from one implementation to another. Moreover, it will 
be appreciated that Such a development effort might be 
complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art 
having the benefit of this disclosure. To simplify the fol 
lowing discussion of the present invention, headers, Such as 
“Illustrative Embodiments of a Classification by a System of 
Criteria”, “Illustrative Embodiments of Polyhierarchies of 
Criteria', etc., have been introduced at certain points for the 
convenience of the reader. These headers and references in 
the text thereto should not be considered or interpreted as 
limitations to the present invention. 
0084 Various illustrative embodiments of the present 
invention offer general, Straightforward, mathematically rig 
orous approaches to construction of polyhierarchical classi 
fications with intrinsic recognition of domains of criteria 
applicability and Simultaneous (random) access to appli 
cable classification criteria. Classifications in accordance 
with the present invention alleviate ambiguities and limita 
tions that arise when constructing conventional classifica 
tions in terms of trees, directed acyclic graphs (DAGs), 
compositions of trees (facets), and information tables. 
0085. A new approach in accordance with various illus 
trative embodiments of the present invention is based on the 
introduction of a kernel System of classification criteria that 
complies generally with the following guidelines: 

0086 Each criterion uniquely defines a particular 
disjoint decomposition of a classification category 
into a denumerable Set of more specific Subcatego 
ries, 

0087. A domain of definition, (i.e., area of applica 
bility) of each criterion is explicitly defined by 
composition of classifications by Some more general 
criteria; and 

0088 Subsets of criteria sharing a common domain 
of definition do not have to be mandatorily ordered 
by rank or any other property. 
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0089 Decomposition by a particular criterion is associ 
ated with a denumerable set of the criterion's branches 
identified by respective distinct Symbols, Such as numbers, 
verbose names, database records, and the like. Any mean 
ingful ordered pair (criterion, branch) denoting an elemen 
tary specialization is called an (elementary) attribute 
assigned by the corresponding criterion. Hence, each crite 
rion is responsible for the Specialization of a particular 
property of an object by Specifying a value of the respective 
discrete attribute. Since any criterion has its own range of 
definition (i.e., domain of applicability), in accordance with 
the Second rule above, that range is Specified by attributes 
appointed by more general criteria, and So forth. In one 
embodiment, a criterion cannot be applied until a special 
ization by more general criteria defming its domain of 
applicability is made, So one can Say that a Selected criterion 
depends on those more general criteria. Therefore, a recur 
rent Sequence of the criteria forms a polyhierarchical Struc 
ture established by the directed non-reflective relation of 
criteria dependency and is called the generating polyhierar 
chy of criteria. 
0090 Classification categories are implicitly identified as 
attributive expressions encoding compositions of elemen 
tary Specializations represented in terms of attributes from 
different criteria. Depending on the required functionality of 
the target classification, the categories can be identified by 
whether they are (1) simple collections of attributes imply 
ing logical conjunction of elementary Specializations 
encoded by attributes from different criteria, (2) collections 
with branch unions allowing, in addition, logical disjunction 
of elementary Specializations encoded by attributes from the 
same criterion, (3) unions of simple collections encoding 
arbitrary logical Statements on object properties represent 
able in terms of elementary Specializations by criteria with 
using conjunctions, disjunctions, differences, and negations, 
or (4) other application-specific attributive structures encod 
ing logical Statements on object properties in terms of 
elementary Specializations. 
0.091 These categories form an induced polyhierarchy of 
categories that is established by the directed relation of 
implication of logical Statements on object properties rep 
resented by the respective attributive expressions. If criteria 
of the generating polyhierarchy are Semantically related, 
Some classification categories can appear to be identically 
empty. However, this does not restrict possibilities of appli 
cation of various illustrative embodiments of the methods 
according to the present invention. 
0092. The generating polyhierarchy implicitly and unam 
biguously defines the induced polyhierarchy, thus making 
redundant an explicit description of the equivalent DAG. 
The generating polyhierarchy is an independent re-usable 
information Structure Serving as a template classification for 
Structuring information. In general, the generating polyhi 
erarchy may be further applied to a number of classified Sets, 
included in more general classifications as a component, or 
used as a prototype for more comprehensive classifications. 
0093. The generating polyhierarchy provides a compact 
representation of the target classification, while requiring 
neither enumeration nor Storage of a vast majority of the 
classification categories. For practical applications it is usu 
ally sufficient to store only: 

0094 the root categories defming domains of appli 
cability of the criteria; 
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0.095 non-empty leaf (most derived) categories 
Serving as containers for the classified objects, and 

0096 non-empty abstract categories emerging if 
Some objects have an incomplete description (i.e., 
they cannot be assigned attributes from Some appli 
cable criteria due to, for example, incomplete knowl 
edge of their properties). 

0097. The basic operations such as selection by a Super 
position of criteria, retrieval of parent and child categories, 
tests for the pertinence of a given category to another one, 
and Set-theoretic operations of interSection, unification, and 
complement (difference of Subsets), can be performed 
directly in terms of the attributive expressions. Due to the 
reduction of the Stored descriptive data Structures, and the 
Specifically non-local nature of that description, the manag 
ing algorithms appear to be quite simple and Straightfor 
ward. 

0098. To perform basic operations, such as database 
access, operations on attributive expressions, and user inter 
face, reusable non-application Specific Software code may be 
developed to Support using and managing the polyhierarchy 
classification. The functionality of the Supporting Software 
depends on the form of the attributive expressions (e.g., 
Simple collections, collections with branch unions, unions of 
Simple collections, or a custom form of attributive expres 
Sions) and the configuration of the data repository used to 
Store the generating polyhierarchy of criteria and the per 
Sistent categories of the induced polyhierarchy of classifi 
cation categories. However, unlike with conventional clas 
sification methods, the Software code does not depend on 
application-specific features of the polyhierarchical classi 
fication and the complexity of the classification. 
0099. The various illustrative embodiments of the present 
inventive methods offer a general tool for constructing 
polyhierarchical classifications that: 

0100. Describe general persistent polyhierarchical 
Structures of dependencies that cannot be efficiently 
represented in terms of trees, general DAGS, or their 
compositions, 

0101 Are automatically produced by generating 
polyhierarchies of criteria that can be developed and 
managed as primary reusable information Structures 
Separated from the target polyhierarchy of catego 
rIeS, 

0102 Are highly flexible with respect to extending 
classified Sets, introducing new kinds of classified 
items and classification criteria; 

0.103 Substantially reduce or eliminate program 
ming work usually required for developing and man 
aging classifications; 

0104 Do not depend on specific features of a pro 
cessing environment Such as hardware configuration, 
operating System or database Structure, 

0105 Reduce the amount of hardware resources 
required for development, maintenance and use of 
client data repositories due to the dramatic simplifi 
cation of descriptive Structures and managing algo 
rithms; 



US 2005/0065955 A1 

0106 Allow mathematically rigorous and clearly 
understandable (“look-and-feel”) ways of design that 
do not require Special knowledge; 

0107 Provide a natural approach to development of 
intelligent and flexible graphic user interfaces, 

0.108 Could be efficiently implemented with exist 
ing database management Systems, and 

0109) Create a new basic formalism for describing 
existing and building next-generation taxonomical 
Systems as well as for developing Software/middle 
ware engineering environments. 

0110 Various illustrative embodiments of the present 
inventive methods have potential applications and intended 
uses Such as the design, development, maintenance, and use 
of any hierarchically Structured data repositories including 
(but not limited to): 

0111 Taxonomical, expert, content management, 
machine learming, and artificial intelligence SyS 
tems, 

0112 Data and knowledge bases; 

0113 Intelligent control systems and robots; 

0114 Software and middleware engineering envi 
ronments, 

0115 Application-specific lists, catalogues, and 
directories, 

0116 Components of operating systems (file and 
folder catalogues, registry, and the like), 

0117 Internet search engines; 
0118 Descriptive structures of object-, subject-, and 
aspect-oriented computer programs and compilers 
(specifically, when intensively using multiple inher 
itance); and 

0119. On-line documentation and help subsystems. 

0120. One preferable illustrative embodiment of a 
method according to the present invention features the 
integration of additional descriptive data Structures, Such as 
connected lists of criteria, attributes, branches, root and 
non-empty categories, and the like into existing databases. 
This allows, for example, the use of standard and/or built-in 
database management Systems for developing, maintaining, 
and using the resulting classifications. 

Illustrative Embodiments of a Classification by a 
System of Criteria 

0121 Let A be a finite or an infinite set of unspecified 
objects. A classification of objects aeA may be built as a 
hierarchical decomposition of A into a System of Subsets 
(categories of classification) using a System of loose spe 
cialization rules (criteria of classification). 
0122) A simple case is a classification by a single crite 
rion. The Set A may be partitioned into mutually disjoint 
categories A(i) using Some loose rule (criterion): 
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W 

A = A(i), where N > 2 and A(i)n A(i) = 0 if i + i. 

0123 The partitioning above is equivalent to introducing 
a function attr(a) on the Set A that takes integral values from 
1 to N depending on the subset A(i) that the element aeA 
belongs to: 

attr(a)=i’aeA(i), 1 sisN. 
0.124. This partitioning may be considered a classification 
by criterion C, criterion C being defined by the function attr, 
and categories A(i) are generated by the criterion C. Distinct 
values attr(a)=i are called branches of the criterion C, and 
ordered pairs (C, i) are called attributes in the Sense that 
these represents properties of elements aeA distinguished 
under classification by the criterion C. The number of 
branches of a criterion is called its cardinality. 
0.125. Due to the unambiguousness of the function attr, 
attributes (C, i) are mutually exclusive for any given C, (i.e., 
no single element aeA may be assigned more than one 
attribute by any particular criterion). 
0.126 In addition, the numeric identification of branches 
(i=1,...,N) is used here only for notational convenience. 
In practical implementations of various illustrative embodi 
ments of the methods claimed herein, the branches of criteria 
may be represented by any unordered but denumerable 
collections of distinct Symbols, Such as verbose names, 
references to database records, binary Strings, programming 
entities, and the like. 
0127. Note that in practical implementations, it may 
Sometimes be convenient to introduce criteria of cardinality 
N=1 that generates the only category, identical to the Subset 
under classification. The use of Such criteria does not impair 
the logic of further considerations nor limit possibilities of 
application of various illustrative embodiments of the meth 
ods according to the present invention. 

0128 Practical cases typically require concurrent use of 
several classification criteria C, each criterion being defined 
by a correspondent unambiguous function attr(a), 1 sps M. 
Then we have a system of M partitionings of the set A into 
mutually disjoint categories A(i) Such that for each p 

N 
A = A(i), where N, > 2 and A(i) nA,(j) = 0 if i + i. 
attr (a) = i <=> a e A(i), 1 s is N. 

(0129) where N is the cardinality of criterion C. Note 
that inclusion aeA(i) is equivalent to assigning only one 
attribute (C., ii) to the element a without applying all other 
criteria C., qzp. In other words, assignment of each separate 
attribute corresponds to partial ("one-parameter) classifi 
cation of the Set A. Such classifications are illustrated by 
FIGS. 5 and 6, with respective attributes shown in curly 
braces. 

0.130 Now, classifications generated by Superpositions of 
criteria may be considered. For example, the inclusion 
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aeA(i)nAG), where 1 sp., qs M, pzq, 1sisN, 1sjs N., 
means that the element 'a' is assigned a Set of two attributes 
(C. i), (C., j), without applying all other criteria (if any). 
Therefore, the Superposition of criteria C, and C generates 
the partitioning of the set A into N.N. mutually disjoint 
categories A(i,j)=A(i)?hA(i), Such that: 

attr (a) = i, attr (a) = j <=> a e A (i, j), 1 s is N, 1 s is N. 

0131 This partitioning represents a “two-parameter” 
classification of the set A, as illustrated by FIG. 7. 
0132) Classifications generated by Superposition of more 
than two criteria may be built in a similar way. The inclusion 
aeA(1)(ii)?hA2(i)?h. . . ?hAL)(i) may be considered, 
where 1sLs M, 1sisN, and {p(s)}={p(1)p(2), . . . 
p(L) is a set of L criterion numbers such that 1 sp(s)s M 
and p(S)zp(t) if Szt. This inclusion means that element 'a' is 
assigned a subset of L respective attributes {(C, i.), 
1sssL}, without regard to all other criteria C., qi {p(s)} (if 
any). Consequently, the Superposition of criteria {Cpt 
1sss L generates the partitioning of A into Np(1)N(2) . . . 

mutually disjoint categories AEi 

attre(1)(a) = i, attrip(2)(a) = i2, ... , attrip(L)(a) = i < (a e Ap(s)}{i}. 

1 s is s Np(s). 

0.133 Each of these partitionings, unambiguously defined 
by the collection of criteria numbers {p(s)}, represents an 
“L-parameter” classification of the Set A. 

0134. In the above-described formal classification 
Scheme, criteria of classification are not ordered by any rank 
or other feature. This means that the resulting System of 
categories, as well as any algorithms using the resulting 
System of categories, are invariant with respect to the 
transposition (renumbering) of the criteria. 

0135) Note that if criteria C, are semantically related, 
then Some combinations of attributes may correspond to 
contradictory descriptions of properties of the classified 
objects. For example, when classifying Substances under 
normal conditions by two criteria: C (“phase state”) with 
branches “Solid”, “liquid”, and “gas”, and C (“magnetic 
properties”) with branches "diamagnetic”, “paramagnetic' 
and “ferromagnetic', criteria C and C appear to be seman 
tically related due to the existence of the contradictive 
combination of properties “gas” and “ferromagnetic'. This 
means that the corresponding categories (like “ferromag 
netic gases') are identically empty Sets; that does not hinder 
further considerations, nor the possibilities of application of 
various illustrative embodiments of the methods according 
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to the present invention. Use of the conditional criteria (see, 
for example, the next section titled “Illustrative Embodi 
ments of Polyhierarchies of Criteria”) and generalized forms 
of attributive expressions (see, for example, the Sections 
below titled “Unions of Criterion Branches” and “Uniting 
Arbitrary Categories”) allows for the design of classifica 
tions without the above-mentioned contradictive descrip 
tions. 

0.136 Note that the above-described scheme is directly 
applicable to cases of infinite denumerable Sets of criteria 
{C, p=1,2,3,...} and infinite cardinalities N. 

Illustrative Embodiments of Polyhierarchies of 
Criteria 

0.137 In practical applications, many useful classification 
criteria are applicable not to the whole Set A, but only to 
Some of its Subsets. In this case, those Subsets (criteria 
domains of applicability) are explicitly described by 
attributes from other criteria; (i.e., the domains of applica 
bility are themselves categories of classification). 
0.138 Conditional criteria may be introduced that are 
applicable to those, and only those, elements aeA that have 
attributes {Cpto: j} by some set of other criteria {C} with 
wider domains of definition. The category equal to the 
domain of definition of a conditional criterion C is called a 
root category of that criterion and is denoted root(C). 
Particularly, in examples given by FIGS. 5-7, root(C)= 
root(C)=A, where set A is considered as a category corre 
sponding to the empty Set of attributes. In other words, the 
criterion's root category introduces that criterion. Condi 
tional criteria Sharing one root category are not ordered by 
rank or any other feature. This means that the resulting 
System of categories, as well as any algorithms using the 
resulting System of categories, are invariant with respect to 
the transposition (renumbering) of the conditional criteria 
Sharing one root category. 
0.139. Note that if a classification uses some semantically 
related criteria whose root categories overlap, then Some 
combinations of attributes may correspond to contradictory 
descriptions of object properties. This means that Such 
categories would be identically empty Sets by design. An 
example of Such a case is the classification of Substances by 
two criteria “phase State' and “magnetic properties' con 
sidered in the previous section “Illustrative Embodiment of 
a Classification by a System of Criteria”. However, that does 
not hinder further consideration of Such categories nor limit 
methods of application of Such categories. 

0140. The subsets of attributes from different criteria 
defining categories of a classification are called simple 
collections. FIG. 8 gives an example of classification by 
conditional criteria. In this example, curly braces enclose 
respective simple collections. This classification can also be 
illustrated in the form of a directed acyclic graph (DAG), as 
shown in FIG. 9. The simple collections are a particular case 
of attributive expressions representing categories in terms of 
combinations of elementary Specializations encoded by 
attributes. Generalized forms of attributive expressions are 
introduced, for example, in the sections below titled “Unions 
of Criterion Branches” and “Uniting Arbitrary Categories”. 

0141 Since a root category of a conditional criterion is 
defined through other criteria, the construction of a criteria 
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System is essentially recurrent. First, criteria may be intro 
duced on the whole Set A (the most general category). Then 
the categories formed by attributes from those criteria can be 
used for introducing additional conditional criteria. AS a 
result of assigning attributes by those additional criteria, 
new categories are formed that can be used as roots for 
introducing yet other criteria, and So forth. 
0142. A directed binary relation of dependence between 
conditional criteria may be introduced. We will say that 
criterion C depends on criterion C, Vizu, and use notation 
CCC, if the Simple collection defining the category 
root(C)=A(i.} includes an attribute by the criterion 
C, i.e., ve{p(s)}. Note that the relation of dependence is 
non-reflexive, that is C, QC, and is transitive, that is, from 
CCC and CCC, it follows that CCC. Combination 
of these properties guarantees the absence of loops (cyclic 
paths) in the System of all possible relations of dependence 
defined on a set of criteria. 

0143 For the purpose of illustration, a Subset of inde 
pendent criteria may be considered whose shared root cat 
egory is the whole Set A. In this case, an additional imagi 
nary criterion C may be introduced that generates the 
category equal to the whole Set A, and corresponding 
imaginary relations of dependence between those originally 
independent criteria and Co. Then, the recurrent System of 
conditional criteria becomes a polyhierarchy that may be 
represented, for the purpose of illustration, by a connected 
directed acyclic graph (DAG) with a single root vertex Co. 
Vertices of this graph and its edges represent, respectively, 
criteria and dependence relations between them. The gen 
erating polyhierarchy of criteria for the Sample classification 
above (see FIGS. 8 and 9) may be visually represented like 
the DAG as shown in FIG. 10. 

0144. It may be observed that the introduction of the 
imaginary criterion Co permits all other classification criteria 
to be considered as conditional. Therefore, it is possible to 
consider polyhierarchies of criteria while making no dis 
tinction between independent and conditional criteria. 

Illustrative Embodiments of the Induced 
Polyhierarchies of Categories 

0145. It is easy to show that categories generated by a 
polyhierarchy of criteria form a polyhierarchy themselves, 
with a directed binary relation of inclusion, Starting from one 
topmost category A. The inclusion relation A(i.} 
(1sss L.) Ato (j) (1sts L2) for categories viewed as 
Subsets of imaginary objectS is equivalent to the inclusion 
relation {(C, i.)} {(C, j)} for simple collections 
defining those categories. For example, in FIGS. 8 and 9 the 
categories A12.45}{2.2.2,1} and A12}{2,2} are defined by 
the simple collections {(C, 2), (C2, 2), (C1, 2), (Cs, 1)} and 
{(C, 2), (C, 2)}, respectively. It follows from the inclusion 
{(C, 2), (C2, 2), (CA, 2), (Cs, 1)} C {(C, 2), (C2, 2)} that 
each element aeA.2s.{2.2.2,1} has at least the same two 
traits, specified by attributes (C, 2), (C, 2), as all the 
elements of Ata (2,2}. Hence all the elements of the 
former category pertain to the latter one, (i.e., At 12.45}{2, 
2.2,1} = A2 (2.2}). Therefore, a category polyhierachy 
can be described directly in terms of Simple collections. 
0146 Categories related to a given category by relations 
of inclusion and differing from it by only one attribute may 
be considered either immediate parents (immediate base) 
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categories or immediate children (immediate derived) cat 
egories, depending on the direction of the inclusion relation. 
To prove the existence of a global polyhierarchical Structure 
of a plurality of categories and give a guideline for practical 
implementations, three tasks are considered below: 1) find 
all immediate parent (base) categories of a given category; 
2) find all immediate child (derived) categories for a given 
category; and 3) determine whether one of two given 
categories is a more general category than the other, (i.e., 
check if they are related by inclusion). 
0147 Consider, for example, any given category 
Af{i} with a nonempty set of attributes {(C, i.), 
1sssL}. Note that the Subset of criteria {C, 1sssL} 
form a Sub-hierarchy with the same imaginary base criterion 
Co as the whole criteria polyhierarchy. Therefore, that Sub 
hierarchy contains at least one criterion Co., 1sms L, 
Such that no criterion from {C} depends on it, i.e., 
CzCon S=1,2,...,L. This criterion, Co. is called a 
leaf criterion of category A(i). For example, in FIGS. 
8 and 9, the category A. (2.2.2} defied by simple 
collection {(C, 2), (C2, 2), (C1, 2)} has only one leaf 
criterion C, since C (ZC and C (ZC while C (ZC and 
C. G. C. The category Ale (2,2} defied by simple collec 
tion {(C, 2), (C2, 2)} has two leaf criteria C and C, since 
C (ZC and C (ZC. 

0148). If C is excluded from the considered sub 
hierarchy, a reduced Sub-hierarchy of L-1 criteria is pro 
duced. Therefore, there is an immediate base category 
Araco}{k} with one less attribute {(C, k), 1sts L-1}= 
{(C, i.), 1ssisL, Szm, related to the given category by 
inclusion Atp(s)}{i} C Aok,}(? {(Cpto: i)} C {(Caco 
k)}. Because the immediate base category A (k,} has 
fewer attributes, the immediate base category A (k, 
corresponds to a more abstract classification level. 

0149 Thus, for each category A (i.}zA, there is a set 
of immediate base categories, their number exactly being 
equal to the number of that category's leaf criteria. This, in 
particular, illustrates that categories generated by a polyhi 
erarchy of criteria (generating polyhierarchy) also form a 
polyhierarchy. The latter may be referred to as an induced 
polyhierarchy of classification categories. 

0150. A free criteria of a given category Ai} are 
those criteria C that are defined for that category but not 
used in any of its attributes, (i.e., Atki, Croot(C) and 
fet {p(s)}). For example, in FIGS. 8 and 9 the categories 
A2 (2} and A24 (2,2,2} each have one free criterion, C, 
and Cs respectively, since A2(2) CA=root(C) and A12, 
4}{2,2,2}=root(Cs). Similarly, the top most category A has 
two free criteria C and C, since root(C)=root(C)=A. The 
Sets of leaf criteria and free criteria of a given category do 
not interSect, Since the former may participate in the 
attributes forming a respective simple collection, while the 
latter do not. By adding one of the free attributes (C, 
i)(1s isN) to the simple collection of the category 
Atp(s)}{i} an immediate derived category Arco n} is 
produced with one more attribute {(C, n), 1sts L+1}= 
{(C, i.), 1sssL}U(Ce, i.). The immediate derived cat 
egory Aircoin} is related to the original one by inclusion: 
A?p69}{i} PA(n)}{(C, i)} C {(C.co. n)}. Since 
the immediate derived category Airc}{n} has more 
attributes than the given category Atp(s)}{i}. it corresponds 
to a more concrete classification level. Thus, for each 
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category with a non-empty Set of free criteria there is a Set 
of immediate derived categories, and their number exactly 
equals the Sum of cardinalities of free criteria of the given 
category. 
0151. In addition, the problem of matching two given 
different categories Ape (i.}(1s sisL) and 
Af{j}(1sts L2) by an inclusion relation is equivalent to 
checking the inclusion Atp(s)}{i}P Atap {i}{(C, 
i)} = {(C,j)}, (i.e., L1-L2, p(s)=q(s) and i=j, for S=1,2, 
. . . .L.). Therefore, the Solution of this problem amounts to 
a mere comparison of two attribute Sets forming respective 
Simple collections. 
0152. When the classification polyhierarchy is described 
by a conventional directed acyclic graph (DAG), for 
example, the Solution of that problem amounts to finding a 
path, or sequence of edges, between two given vertices (see 
the section above titled “Description of the Prior Art'). If 
that graph is stored “as is (i.e., without cumberSome 
auxiliary descriptions) finding a path requires a combinato 
rial Search of intermediate vertices, and the cost of it 
dramatically increases with the complexity of the polyhier 
archy. To optimize the path Search, a redundant description 
including auxiliary data may be employed. However, in a 
general case, Such optimization would lead to a no leSS 
dramatic increase in data Storage requirements. Therefore, 
an effective solution of this problem is not possible for 
descriptions in terms of conventional DAGs. 
0153. Implicit Description of Induced Polyhierarchies of 
Categories 
0154 It can be observed that construction of a polyhier 
archy of categories is induced (i.e. uniquely defined) by a 
generating polyhierarchy of criteria. Therefore, a generating 
polyhierarchy may be considered as primary with respect to 
a polyhierarchy of categories, not only when designing the 
classification itself, but also when developing data Structures 
and user interfaces in real applications. 
O155 When designing a classification system, one task is 
to choose classification criteria and establish dependencies 
between them. Because only those branches that define 
dependency relationships between criteria are required for a 
generating polyhierarchy, there is no need to detail all 
branches that will be necessary for the whole polyhierarchy 
at this initial Stage. This allows a design of the classification 
in more abstract terms, without the use of additional clas 
sification principles (other than criteria dependencies) and 
without exhaustively enumerating all possible Selection 
options. The Specification of branches that participate in 
dependencies between criteria produces simple collections 
corresponding to root categories. 
0156. At further stages, other branches of criteria are 
added, thereby automatically inducing, (i.e., making mean 
ingful), correspondent categories of classification. This pro 
ceSS allows an automatic and dynamic extension of the 
induced polyhierarchy. Since extension of the classified Set 
typically requires the addition of new branches, cardinalities 
of criteria should generally not be fixed in advance. 
O157 To summarize, the conditions of applicability of 
various illustrative embodiments of the methods include: 

0158 Branches of each criterion are mutually exclu 
Sive, which means that a Single classified objects can 
be assigned no more than one attribute by the same 
criterion; 
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0159 Domains of applicability of criteria are 
defined by Sets of attributes of more general criteria, 
(i.e., they coincide with Some categories (roots) of 
the same polyhierarchical classification); and 

0160 Criteria that share their root category are not 
ordered by rank or any other property. This means 
that only dependency relations between criteria 
should be used when designing a generating polyhi 
erarchy. 

0.161 The generating polyhierarchy together with the sets 
of criteria branches implicitly describe the Structure of an 
induced polyhierarchical classification of categories. There 
fore, the enumeration and Storage of the overwhelming 
majority of categories become redundant, Since categories 
can be dynamically retrieved anytime using the generating 
polyhierarchy of criteria. In this particular embodiment, the 
proposed classification method is fully Synthetic. The Subset 
of persistent categories that are permanently Stored in the 
form of simple collections (or more general forms of attribu 
tive expressions introduced below) is defined by consider 
ations of practical implementation. In one embodiment, the 
permanent Storage of only the following categories is Suf 
ficient for effectively working with the induced polyhierar 
chy: 

0162 Root categories that define the structure of a 
generating polyhierarchy, 

0163 Nonempty leaf categories used as “contain 
ers” for classified objects; and 

0.164 Possibly, also intermediate abstract categories 
if they are non-empty, if Some objects are not fully 
classified (i.e., they cannot be assigned attributes 
from Some applicable criteria due to, for example, 
incomplete knowledge of their properties). 

0.165 For convenient interfacing with external applica 
tions, the Storage of Some additional categories can be 
useful, in particular: 

0166 Identically empty categories, arising from the 
use of Semantically related criteria with overlapping 
domains of definition (if any). As noted above, if a 
classification uses Some Semantically related criteria 
whose root categories overlap, then Some combina 
tions of attributes may correspond to contradictory 
descriptions of object properties. This means that 
Such categories would be identically empty Sets by 
design. Explicit presentation of these categories by 
Simple collections may facilitate the logic of detect 
ing contradictory queries to a client database; and 

0.167 Categories that define domains of applicabil 
ity of additional, (i.e., external to this classification), 
Search tools, Such as keyword Search engines, appli 
cations for Sorting by dynamic criteria, and the like. 

Illustrative Embodiments of Database 
Configurations Facilitating Simple Collections 

0168 Illustrative embodiments of the proposed methods 
can be efficiently implemented by including additional con 
Structs into existing databases. Below, a simplified illustra 
tive example of a realization using the MicroSoft Access 
2000 environment is considered. FIG. 11 shows a system of 
linked tables Supporting the base functionality of a polyhi 
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erarchical classification based on attributive expressions in 
the form of Simple collections. 
0169. The list of objects subject to classification (client 
objects) is stored in the table “Objects”. For each object, 
table fields “ID”, “ObjectName”, “Category Ref” and 
"Data' contain, respectively, the object's unique identifier, 
verbose name, reference to object category and object 
Specific data unrelated to the purpose of classification. Of 
course, in practical applications, this table may contain other 
fields for object-specific data, comments, references to other 
tables, and the like, in particular, these additional data can be 
used by Search tools external to the classification. 
0170 The other four tables, “Attributes”, “Branches”, 
“Criteria” and “Categories”, store the description of the 
polyhierarchical classification. Each of these tables has the 
“ID” field with unique identifiers (such as auto-numbers) of 
respective description elements. 

0171 The “Categories” table stores the list of persistent 
categories that are sufficient for comfortable work with the 
polyhierarchy (the categories that are Sufficient, for example, 
were considered and described above at the end of the 
section titled “Implicit Description of Induced Polyhierar 
chies of Categories”). Since this table serves only for the 
identification of particular persistent simple collections, it 
has only one required field, “ID'. Attributes of each cat 
egory, in this Scheme, are Stored in the "Attributes” table, 
discussed more fully below. 

0172. The “Criteria” and “Branches” tables that describe, 
respectively, criteria and branches, include fields “Criteri 
onName” and “Branch Name” which are used for verbose 
human-readable definitions, but are not essential for the 
polyhierarchy Structure. In particular, these names can be 
changed at any time and do not have to be unique. The field 
“RootCategory Ref of the “Criteria” table contains refer 
ences to root categories of corresponding criteria, and the 
field “Criterion Ref of the “Branches” table contains ref 
erences that define to which criterion every branch belongs. 
So, in this illustrative example, the “Branches” table con 
tains all possible attributes that can form Simple collections 
defming categories. Note that to provide the basic function 
ality, neither branch indices (within a particular criterion) 
nor the cardinalities of criteria are required, hence their 
absence from the illustrated database Scheme. 

0173 The “Attributes” table describes composition of 
Simple collections that define categories, as a “many-to 
many' relation between tables “Branches” and “Catego 
ries'. Each instance of an attribute is represented by a 
reference “Branch Ref to the corresponding row in the 
table "Branches'. Instances of attributes are associated with 
categories by references “Category Ref” to “IDs” of corre 
Sponding categories. 

0.174. The exemplary database configuration is intended 
for automatically performing low-level operations Such as 
retrieving lists of branches of a Selected criterion, finding a 
root category of a criterion, retrieving a simple collection of 
attributes defming a Selected category, finding objects per 
taining to a given category, and the like. These processes 
may be performed using Standard management Systems of 
relational databases. Implementations of these methods in 
environments other than relational databases may require 
development of Supplementary platform-specific routines to 
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Support Such low-level operations. In addition, Supplemen 
tary Software codes may be used for Supporting higher-level 
operations, Such as database access, user interfaces, and 
operations on classification categories mentioned, for 
example, in the section titled “Illustrative Embodiments of 
the Induced Polyhierarchies of Categories”. However, 
unlike with conventional classification methods, the Supple 
mentary Software does not depend on application-specific 
features of the polyhierarchical classification and the com 
plexity of the classification. 

Illustrative Embodiments of a Graphical User 
Interface 

0.175 FIG. 12 illustrates a simple implementation of a 
graphical user interface 1200 to the database shown in FIG. 
11. It is designed for the selection of elements from a 
classified Set by a Superposition of dependent criteria. The 
application window consists of three distinct functional parts 
(views), hence the name “three-window interface.” 
0176) The left view includes drop-down lists of free 
criteria (left column) and drop-down lists of criteria 
branches (right column). Before the Selection process 
begins, there is only one drop-down list-a list of criteria 
that are applicable to the whole classified Set. The Selection 
is performed by a step-by-step specialization with an alter 
nate Selection of criteria and branches. At each Step, when a 
criterion is Selected, a drop-down list of its branches appears 
next to it in the right column. When a branch is Selected, a 
new attribute is added to the currently selected category (i.e., 
Superposition of attributes), and a new list of free criteria 
applicable to the currently Selected category, if any Such free 
criteria exist, appears below the last criterion choice. The 
rollback in Selection can be performed Simply by choosing 
another item or “deselect” from one of those lists where a 
Selection has already been done. Doing So makes anything 
Selected below the changed level disappear, because in this 
particular Selection method, the choice available at each 
level depends on all previous levels. An improvement to this 
interface would include only removing those Subsequently 
Selected attributes that are inconsistent with the rollback 
change, rather than all of them. 
0177. The central view in the application window visu 
alizes the polyhierarchical classification in a form Similar to 
the conventional one that is typically used to represent tree 
hierarchies. But, unlike the typical representation, the cen 
tral view uses two kinds of expansion nodes: those corre 
sponding to free criteria (a pair of vertical blue, or darker, 
arrows in the icon) and their branches (a horizontal green, or 
lighter, arrow in the icon). The user can expand and mini 
mize the lists of free criteria and their branches by clicking 
on conventional tree expander icons "+" and "-.” Clicking 
on a particular branch performs a specialization by the 
respective criterion. If an available free criterion is not used 
for a Specialization, it will Stay available at the next spe 
cialization level, thereby appearing again in the list of free 
criteria. The central part (view) of the application window 
allows a step-by-step specialization by Successive Selection 
of criteria and branches, thereby duplicating the functional 
ity of the drop-down lists in the left view. The two views are 
connected to each other: any Selection or rollback in either 
of them triggers an automatic Selection of the corresponding 
item or rollback in the other one. These Selection tools can 
be used concurrently, So that each specialization Step can be 
performed in either of the two views. 
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0.178 The sequence of specializations performed in the 
left and central window divisions (views) define at each Step 
a particular category of classification. The right division 
(view) shows a list of all items of the classified set that 
pertain to that category. AS the Selection range is refined at 
each Successive Specialization Step, the list of items is 
Shortened. An item can be Selected by clicking on it, 
whereupon its short description appears in the area below. 
0179 This illustrative embodiment of user interface can 
be easily adjusted for facilitating interactive data input when 
developing databases. It is Sufficient to addjust two ancillary 
controls: an input field for object name and a Record or 
Confirm button for recording a new object name and 
asSociating it with a set of properties Specified with using the 
windows described above. 

Illustrative Embodiments of Unions of 
Classification Categories, and Taxonomy Algebra 

0180. In this section, several generalizations are pre 
Sented of the formalism that describes categories by attribu 
tive expressions in the method of building polyhierarchical 
classifications described above. These generalizations are 
based on the introduction of disjunctive operations on cat 
egories: one generalization, for example, allows construc 
tion of new categories by uniting branches within a particu 
lar criterion, and another generalization, for example, goes 
further toward uniting arbitrary categories. Each version 
makes it possible to generalize the polyhierarchical System 
of relations (e.g., "general-specific') between categories, the 
Second one of these generalizations, for example, turning the 
Set of all possible categories into a ring, (i.e., a System of 
Subsets closed with respect to the operations of unification, 
intersection, Subtraction, and Symmetric difference). A 
detailed discussion of the respective Semantic extensions of 
the notion of attribute collection, as well as algorithms 
required for efficient work with classification in terms of 
attributive expressions is provided herein. 
0181. A ring (in the set-theoretic sense) is a non-empty 
System S of Subsets, Satisfying the following conditions: 

0182 1. S is closed with respect to operation of 
interSection of Subsets: For all pairs of Subsets A, 
BeES, A1 BeS, and 

0183 2. S is closed with respect to operation of 
symmetric difference of Subsets: For all pairs of 
Subsets A, BeS, AABeS. 

0184 From the definition above it follows that any ring 
S of subsets satisfies also the following conditions: 

0185. 3. S includes the empty subset: ØeS, and 
0186 4. S is closed with respect to operation of 
union of subsets: For all pairs of subsets A, BeS, 
AUBeS, and 

0187 5. S is closed with respect to operation of 
complement of Subsets: For all pairs of Subsets A, 
BeES, A\BeS. 

0188 One of the ideas behind the aforementioned 
method of classification is the use of the generating polyhi 
erarchy of classification criteria for an automatic construc 
tion of the induced polyhierarchy of categories. Each cat 
egory may be defined, for example, by a simple collection of 
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attributes, where each attribute is assigned by a particular 
criterion, with no more than one attribute from each crite 
rion. That Simple collection uniquely defines a Superposition 
(intersection) of partitionings of the classified set by separate 
features, (i.e., the induced polyhierarchy is constructed by 
using logical conjunction of elementary Specializations 
defined by attributes). If the identically empty category is 
formally added to the Set of categories of the induced 
polyhierarchy, the latter becomes a Semiring of Subsets. 
0189 A semiring (in the set-theoretic sense) is a system 
S of Subsets, Satisfying the following conditions: 

0190) 1. S includes the empty subset: ØeS, and 
0191) 2. S is closed with respect to operation of 
interSection of Subsets: For all pairs of Subsets A, 
BeES, A?h BeES, and 

0.192 3. Existence of finite decomposition: For all 
pairs of Subsets A, BeS, such that ACB exists 
decomposition B=AU AU. . . UAN, where Subsets 
A6S(k=1,2, . . . .N) are mutually disjoint, and 
A=A. 

0193 In some cases, however, definition of categories 
Solely by means of a conjunction of features may not be 
Sufficient. For example, Some routines of the Matlab pack 
age take for input objects uncommon types Such as “number 
or vector,”“vector or matrix,” and the like. A fragment of one 
of the possible classifications based on a conjunction of 
features that include such categories is shown in FIG. 13. 
0194 Categories shown in FIG. 13 are described by the 
following Simple collections: 

TABLE 1. 

Conjunctive classification by two dependent, 
semantically unrelated criteria 

Category Simple collection 

Matlab Object 
Number 
Vector 
Matrix 
Matlab Union 
Number OR Vector 
Vector OR Matrix 
Matrix OR Number 

{ref} - reference (base) collection 
{ref, (C1, 1)} 

{ref, (C1, 3)} 
{ref, (C1, 4) 
{ref, (C1, 4), (C2, 1)} 
{ref, (C, 4), (C, 2)} 
{ref, (C1, 4), (C2, 3)} 

0.195 By applying formal comparison rules to these 
collections it cannot be derived that “Number'C"Matrix 
OR Number,” since ref, (C, 1)} (7 {ref, (C, 4), (C., 3)}, 
“Vector”—“Number OR Vector'?h:Vector OR Matrix,” since 
{ref, (C1, 2)}z ref, (C, 4), (C2, 1)}?h{ref, (CI, 4), (C, 
2)} = {ref. (C., 4), and so forth. Therefore, this particular 
variant of the classification does not reflect Some relations of 
"general-specific’ between categories that are significant in 
the context of Matlab's interfaces. 

0196. A more complex version of the conjunctive clas 
sification can be created, that uses three independent but 
semantically related criteria: C. “Is a Number?," C. “Is a 
Vector'?,” and C. “Is a Matrix'?,” each originating from the 
same root category “Matlab Object” and including two 
branches <<yes>> and <<nod>. All categories for this 
variant are listed in Table 2. 
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TABLE 2 

Conjunctive classification by three independent, 
logically related criteria 

Category 

Matlab Object 
Number 
Wector OR Matrix 
Vector 
Matrix OR Number 
Matrix 
Number OR Wector 
Identically empty 
Number 
Identically empty 
Number 
Vector 
Matrix 
Matrix 
Vector 
Identically empty 
Vector 
Matrix 
Number 
Identically empty 
Identically empty 
Identically empty 
Number 
Identically empty 
Wector 
Matrix 
Identically empty 

yes 

yes 
O 

yes 
O 

yes 
O 

yes 
O 

yes 
O 

yes 
yes 
O 

O 

yes 
yes 
O 

O 

0.197 Dashes in this table correspond to free criteria. 
0198 Although this variant is able to test category inclu 
Sions via formal comparisons of the respective simple col 
lections of attributes, it has two Significant drawbacks. The 
first problem is that criteria are Semantically related, which 
causes numerous identically empty categories. The Second 
problem lies in the non-uniqueness of object categorization. 
For example, an object <<Numbere> can be put into these 
five categories: {ref, (C1, yes)}, {ref, (C, yes), (C2, no), 
{ref, (C, yes), (Cs, no)}, {ref, (C2, no), (Cs, no), and ref, 
(C1, yes), (C2, no), (Cs, no). So, a practical implementation 
of this version of the classification may require the use of 
auxiliary rules, Such as a convention to relate types to the 
most Specific of all Suitable categories. The most specific 
categories are shown in Table 2 in bold type, for example. 

0199 These examples illustrate that classifications based 
exclusively on conjunctions of elementary Specializations 
do not always allow for a neat implementation. This may be 
resolved through the use of disjunctive operations on cat 
egories in terms of attributive expressions. 

0200 Formalisms based on generalized forms of attribu 
tive expressions may be introduced to combine operations of 
both logical conjunction and disjunction of elementary Spe 
cializations when constructing generating and induced 
polyhierarchies. These illustrative examples are an exten 
Sion of the automatic reproduction of the induced polyhier 
archy of classification categories by the generating polyhi 
erarchy of criteria discussed above. 
0201 When introducing disjunctions of elementary spe 
cializations, it should be appreciated that "assigning 
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attributes to a classified object” in the definition of classi 
fication criteria given, for example, in the beginning of the 
section “Illustrative Embodiments of a Classification by 
System of Criteria' above, is not the same as associating an 
object with a classification category that is defined by a 
disjunctive attributive expression, Such as collections with 
branch unions and unions of Simple collections (described 
in, for example, the sections below titled “Unions of Criteria 
Branches” and “Uniting Arbitrary Categories”). In the defi 
nition of classification criteria, “assignment of attributes to 
an object” means a Set elementary Specialization of object 
properties, which is essentially a conjunctive procedure, 
(i.e., elementary specializations encoded by the attributes 
are implied to be linked with logical AND). Therefore, 
assigning more than one attribute by the same criterion to an 
object results in a contradictive Specialization of its proper 
ties. 

0202) However, an object can be associated with a clas 
sification category that is defined by a disjunctive attributive 
expression containing Several attributes by the same crite 
rion. This may imply, for example, that properties of the 
object cannot be definitely specialized due to the lack of 
available information on that object. ASSociating an object 
with a category defined by a disjunctive attributive expres 
Sion denotes a number of possible options for an unknown 
Set of object properties. Those possible options are linked 
with logical OR, Such a category may reflect, for example, 
an incomplete Specialization of the Set of object properties. 
0203 Unions of Criterion Branches 
0204 As described above, classification of a subset Aby 
a criterion C corresponds to a definition of a single-valued 
attribute function attr, on A that takes discrete values 1,2,3, 

., and So forth. As a result of the classification, A is 
partitioned into mutually disjoint categories A(i) which are 
identified by values i of the function attr (branches of the 
criterion C). If an element a pertains to a category aeA(i) 
or in other terms attr(a)=i, this characterizes a feature of 
element a related to the meaning of the attribute function, 
So the criterion branches should represent mutually exclu 
Sive characteristics of objects. 
0205 When constructing a classification by Superposi 
tion of criteria, each category Atp(s)}{i} is associated with 
a set of object properties formally described by the corre 
sponding simple collection {(C, i.), 1ssisL}. Adding a 
new attribute (C., j) to the collection is equivalent to the 
definition of a more specific (“Smaller) category 
Ages)}{i}?hAta}{i}. and, therefore, the simple collection 
defines a conjunctive composition of properties. That any 
two branches of a given criterion are mutually exclusive 
means that assigning two or more attributes by the same 
criterion always gives an identically empty category. 
0206. The semantics of simple collections can be gener 
alized by including unions of criterion branches. For the 
purpose of illustration, it is convenient to adopt a convention 
that assigning Several attributes by the same criterion is 
always performed in the Sense of a disjunction of respective 
elementary Specializations. Unlike the formalism of Simple 
collections, this extended convention allows repetitions of 
criteria in attributive expressions, but all elementary Spe 
cializations defined by branches of one criterion are united 
(disjuncted) rather than being intersected (conjuncted). 
0207 AS an example, consider extending a given cat 
egory Atp(s)}{i} by means of uniting criterion branches. In 
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the category's attribute collection, an attribute (C. i.), may 
be selected and its criterion C may be used to form a new 
attribute (Ce, k), kzi, that differs from the original one by 
its branch number k. After adding this new attribute to the 
initial collection {(C, i.), 1sssL} an extended collection 
{{(C, s i.), 1. 22). (Coco i), (Cpto: k), {(Cpto: i.), 
ts 2i} is formed where the criterion number p(t) is used 
twice. This collection is equivalent to the union of categories 
Ape (i.UA j}, where ji, if Szt and ji=k. Any 
number of branches can be united in the same way. 
0208. In order to facilitate the illustration, it is helpful to 
introduce several definitions. Collections of attributes 
encoding only conjunctions of elementary Specializations, as 
described above, (and therefore not including multiple 
attributes by any single criteria) {(Cpo i.), 1sssL}, 
p(S)zp(t) if Szt, are called simple collections in order to 
distinguish them from arbitrary collections, where criterion 
numbers can be repeated in Several attributes. Categories 
defined by Simple collections will be called simple catego 
ries, and all other categories will be called composite 
categories. Unlike those Simple categories, construction of 
composite categories involves disjunctive operations, Such 
as unifications of elementary Specializations corresponding 
to criterion branches, and unifications of arbitrary compo 
Sitions of elementary specializations (see, for example, the 
section below titled “Uniting Arbitrary Categories”). 
0209 Union of branches, or branch union, may be 
defined as a fragment of a collection composed of attributes 
by distinct branches of the same criterion: 

1 s six - 

Refer to iis) (CpG is) (CpGy (1) 
0210 where izi, if nam. The number K of attributes 
included in a union is called its cardinality. Clearly, the 
cardinality of branch union Upcot ins} cannot exceed the 
cardinality of criterion C. The notion of total branch 
union U is a union with the cardinality equal to that of 
criterion C and the notion of the complement of branch p(s)? 
UO. 

complCU(s){i,s})={(Cs ims), ims' ins: 
132k. tUS 2. s} (2) 

0211) The sum of cardinalities U{i,s} and 
compl(U{i,s}) equals the cardinality of criterion Ce, 
and the complement of a total branch union is an empty 
union: compl(U)=0. 
0212. The above notation allows the representation of a 
collection of attributes as a set of branch unions (1): 

0213 where L=K+K+. . . +K. This new form of 
attributive expressions called collections with branch unions 
implies a disjunctive composition of properties of classified 
objects defined by attributes within every Single union 
Upcot ins} and conjunctive composition of properties 
defined by Separate unions. All branch unions included in 
Simple collections have cardinality K=1. 
0214) Description of categories in terms of collections 
with branch unions (3) is equivalent to a valid Superposition 
of interSections and unifications of Subsets generated by 
Separate criteria, taking into account criteria dependencies. 
In particular, there is no restriction on the use of composite 
categories as criteria roots, So the branch unions can be used 
in construction of the generating polyhierarchy. Therefore, 

Mar. 24, 2005 

the directed relation "general-specific,” (i.e., the relation of 
inclusion), that is the foundation of a polyhierarchical clas 
sification, retains its meaning in the new Semantics. This 
extension increases the number of valid (meaningful) cat 
egories of the induced polyhierarchy by using disjunctions 
in definitions of Specializations and generalizations. 
0215 Operations on Collections with Branch Unions 
0216) In general, practical applications require a formal 
ism that would allow an efficient execution of typical 
operations with categories represented by attribute collec 
tions with branch unions. Discussed below are three impor 
tant tasks including: 1) comparison of two given categories 
by the relation "general-specific,” (i.e., the test for inclu 
Sion), 2) calculation of the intersection of two categories, 
and determining 3) the direct parent (base) and 4) the direct 
child (derived) categories of a given category. AS before, for 
a given category A, its direct parent and direct child are those 
categories BDA and D C A whose definitions differ from A 
by only one attribute. For convenience, it may be assumed 
that unions of branches in attribute collections (3) are 
numbered in the order of definition of dependency relations 
between criteria C(1sss M), i.e., C (ZC when 
1ssists M. Due to the hierarchical (acyclic) structure of 
relations between criteria, Such an ordering should always 
exist. In Some applications, it may be useful to define 
categories by collections that include complements of 
branch unions (2). 
0217 Test for Inclusion Relations 
0218 Consider two arbitrary categories 

Atp(s)} ins}-Up(s) ins: 1sns Kis, 1sssM} and (4) 
Acco{in}r-Ugoint, 1sms K2}, 1stsM2} 

0219 Using the rules of logical Superposition of elemen 
tary Specializations encoded by attributes given, for 
example, in the section above titled “Unions of Criterion 
Branches', it can be determined that 

Alpe) {i,s} = Atco (in (Mie M and Upcotia, 
s} goty if 1 sssM) (McM, and p(s)=q(s), 
Kiss 2.s: lin.sln.s f 1sns Kls, 1sssM) (5) 

0220 For the inclusion to be strict, it is necessary and 
Sufficient that at least one of the inequalities Me M2 and 
KsK (1sssM) be strict. Note that when the compared 
categories are simple, K=1, Upsi}=(C, 
i.)(1sssM) and K-1, Uj}=(C, j) (1sts Ma). 
In that case (5) takes the form: 

Ape (i,i} - Aco in Me M, and p(s)=q(s), figye-volumn "". 
0221) which coincides with the condition of inclusion for 
categories of a purely conjunctive classification (See, for 
example, the section above titled “Illustrative Embodiments 
of the Induced Polyhierarchies of Categories”). 
0222 Computing Intersection 
0223) It is possible to combine sets of criteria indices of 
the two given categories (4) 

{u(r), 1srs M={p(s), 1sss MU q(t), 1sts M, (6) 

0224) where MacM2, and construct the corresponding 
collection of attributes: 
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Eliott.notin) if u(r)e{p(s) and (7) 
0225. Using the algorithm of testing for inclusion (5) it 
can be verified that the category Ato (i.} described by the 
collection (7) is included into both given categories: 
Agu()) {i}A(p(s)}{i,s} and A?ucoli, Ataco}{i}. 
When any of the branch unions Uu){i} is extended by 
adding another attribute, at least one of those inclusions is 
broken, therefore A {i} is the most general (the most 
abstract) category included in both Af{i,s} and 
Afg}{i}. That is, Agu()) {i}-A?pe in ?agotia, 
t}. If at least one of the intersections U{i}=U{i, 
s}nU{i} turns out to be empty when u(r)e{p(s)} and 
u(r)eq(t)}, then, by logical conjunction of elementary 
Specializations defined by distinct branch unions, the result 
ing intersection Ato (i) is empty too. 
0226 Retrieving Direct Derived Categories 

0227 Now consider a category A (i,i} defined by 
the collection (3). If any of the branch unions U{i} of 
that collection has cardinality Ke2, then removing from 
that branch union one of its attributes (C. i.)(1sms K.) 
results in a non-empty reduced union U{i}\(Co. 
in). Up (i,i} of cardinality K-1. After the initial branch 
union is replaced by the reduced one, the attribute collection 
takes the form: 

Epsil 'total rota) 
0228. Since removal of an attribute from the branch 
union means reduction of the corresponding Subset (cat 
egory), it will remain within the domain of definition of 
criteria C. (1sss M), so the relations of dependency 
between criteria are not affected. Therefore, the reduced 
collection defines a valid category that is included within 
A?p6)}{i,s} and differs from it by only one attribute (Cp(); 
i), or, in other words, a direct derived category. mt 

0229. Note that removing an attribute from a union of 
cardinality 1 results in the identically empty category that is 
not considered as derived. So, when computing direct chil 
dren by this procedure, it should be used to reduce branch 
unions of cardinalities Ke2. The number of child catego 
ries resulting from the reduction of branch unions equals the 
number of variants of that reduction L-M, where L=K+ 
K+. . . +KM is the total number of attributes used in the 
collection, and M is the number of branch unions. 

0230. Use of this formalism allows the addition of 
attributes by free criteria (See, for example, the Section 
above titled "Illustrative Embodiments of the Induced 
Polyhierarchies of Categories”) to be represented in the 
more general terms of removing attributes from branch 
unions, as discussed in this Section. If the initial category 
A(pg)}{i,s} has F free criteria C (1sts F), then its col 
lection of attributes can be formally represented in a form 
with an added total unions of branches, with each total union 
corresponding to a free criterion: 

{Up(s) is 1snis Ks, 1ss SM}={{Up(s){ins, 
32K1 sissM},{Urao, 1sts F}}, p(s) 

0231) where Use are total unions of branches of free 
criteria Cre. This representation is equivalent to the form 
without the total unions because the addition of a total union 
does not specify any additional property but instead means 
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that the respective criterion is not applied, although it could 
be. So, the addition of a total union to a collection does not 
alter the category described by that collection. 
0232. Using the notation with total unions, the procedure 
of removing an attribute from a union discussed above (see 
(9)) can be directly applied to total unions Up (1stsF) in 
the same way as to other branch unions U.E., included 
in the collection. In order to calculate the total number of 
direct child categories, the number of attributes L and the 
number of branch unions M should be modified by taking 
the free criteria into account in the formula L-M derived 
above. 

0233. It should be appreciated that the method of deter 
mining direct child categories through assigning attributes 
by free criteria, as described, for example, in the Section 
“Illustrative Embodiments of the Induced Polyhierarchies of 
Categories' does not have independent Sense of an elemen 
tary Specialization. This is because the granularity of 
elementary Specialization attainable is dependent upon the 
chosen form of the attributive expressions. The attributive 
expression obtained by assigning a new attribute by a free 
criterion in the Semantics of simple collections is equivalent, 
in the Semantics of collections with branch unions consid 
ered here, to a Sequence of elementary Specializations: 
one-by-one removal of attributes from the total union of 
branches of that free criterion. It follows that: a) the assign 
ment of an individual attribute by a free criterion is equiva 
lent to a Superposition of elementary disjunctive specializa 
tions (a sequence of removals of attributes from the 
respective branch union), and b) the category resulting from 
assignment of an attribute by a free criterion cannot be 
considered a direct child of the initial category in a general 
case (if the cardinality of the free criterion exceeds two). 
0234 Retrieving Direct Base Categories 

0235. The disjunctive method of construction of direct 
base categories should be founded, by its meaning, on the 
addition of attributes to branch unions. However, in a 
general case, generalizing a category by extending one of its 
branch unions can result in Violating domains of definitions 
of the criteria participating in a given attributive expression. 
Consideration may be given, therefore, to which attributes 
can be added to the collection without affecting the domains 
of definition, thereby preserving the dependencies between 
criteria participating in the collection. 

0236) Consider a given category A (i,j} defined by 
the collection of attributes (3). The hull of this category may 
be defined as the interSection of root categories of all criteria 
that are used in that collection: 

i (9) 
hull (Aptoti,...}) = root (Cpl.) Alps) {i,s}. 

0237) The hull is the most broad (most abstract) category 
among all classification categories on which all the criteria 
CpGs) (1sssM) are. valid. By applying the algorithm for 
computing intersections (6) and (7) to the attribute collec 
tions representing the root categories root(Ce) (1sssM), 
an attribute collection may be constructed for the hull (9). 
Since Ape in Chull(As in}), the resulting collec 
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tion, in a general case, does not contain all the criteria C. 
However, it may be assumed that the <<missed>> criteria 
are explicitly represented in the collection of the hull by total 
unions of their branches, (i.e. that the collection is repre 
sented in the notation {Use {i, 1sms K}, 1sssM), 
where KeK and j, 1smsKP {i, 1sn 
sK}(i.-i, for 1snsK and 1sssM). The logical 
equivalence of this representation was proved in the Section 
above titled “Retrieving Direct Derived Categories”. 

0238). If for a certain t the strict inequality K->K is 
valid, then the initial category A is can be extended 
by adding a new attribute (Co, j)(Ki-ms K2) to the 
union Ueki, 1sns K. Up. It is evident that the 
category resulting from Such extension rests within the 
limits of the initial hull (9). Therefore, the relations of 
dependence between criteria Cie (1sssM) are preserved. 
Since the initial category A(i) is included in the 
resulting category and they differ by only one attribute, the 
latter category is a direct parent category of the former one. 
The number of all direct base categories is the number of 
ways to add one attribute to branch unions U{i} which 
equals the Sum of differences of cardinalities: (Ki-K)+ 

0239). It can be observed that the method of retrieval of 
parents of Simple categories by removing attributes corre 
sponding to leaf criteria (see, for example, the Section above 
titled “Illustrative Embodiments of the Induced Polyhierar 
chies of Categories”) does not have independent sense of an 
elementary Specialization in this formalism. This is because 
the granularity of elementary Specialization attainable is 
dependent upon the chosen form of the attributive expres 
Sion. Leaf criteria, by their definition, do not participate in 
the definition of root categories root(C)(1sss M), so in 
the attribute collection of hull(A) (i...}) they are repre 
Sented by total unions of branches. The Sequence of elemen 
tary disjunctive extensions by adding attributes to the union 
of branches of a leaf criterion transforms it to a total union, 
which is logically equivalent to the lack of Specialization 
under that criterion. The resulting total union can be 
removed from the attribute collection without altering the 
respective category. 

0240 Therefore, retrieval of direct parent categories by 
removing leaf criterion attributes, as described above, loses 
its role as an independent method once branch unions are 
adopted. In fact, the collection resulting from the removal of 
a single attribute of a leaf criterion in the Semantics of Simple 
collections is obtained, in the Semantics of collections with 
branch unions, by a Sequence of elementary generalizations: 
one-by-one additions of attributes to the corresponding 
branch union. This means that a) removal of a single 
attribute by a leaf criterion can be represented by a Super 
position of elementary disjunctive generalizations (a 
Sequence of additions of attributes to the respective branch 
union), and b) the resulting category can not, in a general 
case, be considered a direct parent of the initial category (for 
leaf criteria with cardinalities exceeding two). 
0241 Uniting Arbitrary Categories 

0242. In principle, it may be possible that a proposed 
formalism, even with the branch union generalization, turns 
out not to be convenient enough for the construction of a 
classification. For instance, consider building an extensive 
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classification of material objects. Objects that have optical 
Subsystems may require the introduction of criteria reflect 
ing their optical properties (e.g., focal length, resolution, 
photosensitivity, and the like), but categories of Such objects 
can be very specialized and Significantly different. For 
example, both electronic devices and living animals may 
have optical Subsystems. This creates the desirability to 
define criteria on a union of unrelated, or generally speaking, 
arbitrary categories. To resolve this problem, an even more 
general formalism may be needed, that: 

0243 Allows the description of arbitrary unions of 
categories represented in terms of attributive expres 
Sions, and in certain special cases reduces to branch 
unions, 

0244 Preserves the meaning of dependency rela 
tions between criteria and that of the relation "gen 
eral-specific’ between categories, and 

0245 Allows an efficient practical implementation 
in common programming environments and data 
base management Systems. 

0246 A convenient notation is useful for the description. 
Assignment of an attribute (Ce, i.) is equivalent to the 
introduction of a predicate Pe(i) that takes the value 
“true” or “false' depending on whether the object has the 
property characterized by the branch is of the criterion Ce. 
Each criterion C of cardinality Ne defines a set of 
mutually exclusive predicates (PEG), 1 sisN}, 
Pe(i) P(j) false for izj. Therefore, definition of catego 
ries in terms of collections with branch unions (3) is equiva 
lent to the introduction of conjunctive logical functions 

P(s) (is) ~ Up(s) is, 1 s in s K. 1 s S is M. 
Ks 

where up(s) is = V. P(s) (ins) - Up(s) kins, 1 s in s Ks). 

0247) Functions (10) take the value true or false depend 
ing on whether the classified object pertains to categories 

0248) Domains of definitions of predicates P(i) coin 
cide with root(C), therefore the Succession of “using” 
Pe(i) in any logical expression is implicitly determined by 
the criteria dependencies. This means that in a general case, 
operations in definitions (10) and other formulas are 
non-commutative. However, they are mutually distributive 
with operations V. 

0249 Generalization of this formalism for the case of 
unions of arbitrary categories can be performed by defining 
categories by using logical polynomial functions of the 
form: 

Pr(sik) (isk), 
K, L, (11) 

= 
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-continued 
Lik 

where hip(sk)}{ik} = A. P(k)(isk), 1 sks K. 
Sc 

(0250). Each of the terms he {i} in polynomials 
d {p(skati,k} is a purely conjunctive logical function corre 
sponding to a simple category and encoded by respective 
Simple collections. 
0251 Taking into account mutual distributivity of opera 
tions and V it is possible to transform any of the functions 
(10) corresponding to a collection with branch unions (3) to 
the polynomial form (11). But as to an opposite conversion, 
a complete factorization of the polynomial (11) is necessary 
for its transformation to the form (10), which may not be 
possible in a general case. Therefore, polynomials (11) make 
a broader class of compositions of predicates P compared to 
conjunctive functions (10). 
0252). Each polynomial (11) defines a category A. 
k)}{i}=A(de{i}) as a set of all elements a for 
which the polynomial takes the value true, or in a formal 
notation: as Ape (i.}(d {p(ski,k}=true). For any 
two Such polynomials d and d the following Statements are 
true: 

A (dvd)=A(d) UA(d), (12) 
A (dd)=A(d)?hA(d), (13) 
A(d) CACd)?(d, -ed.). (14) 

0253) The formula (14) means that the category A(d) 
includes A(d) if and only if the implication relationship 
between respective logical functions d and d is valid (i.e., 
from the Statement d=true it follows that d=true, Such that 
the inclusion of categories in terms of logical functions (11) 
is represented by the relation of implication between them). 
The meaning of relations (12)-(14) in the context of various 
illustrative embodiments is explained below. 

0254 First, since the induced polyhierarchy is automati 
cally and uniquely determined by the generating polyhier 
archy, any a priori information about the composition of the 
classified Set need not be used when building a classification. 
So, the categories are considered as Subsets of all imaginary 
objects that can theoretically exist due to the compatibility 
of various properties determined by attributes from partici 
pating dependent criteria. 

0255 Second, in order to enable a gradual extension of 
the classification, it should be certain that an induced polyhi 
erarchy remains valid when new branches are added to Some 
criteria. In other words, the formalism in use is additive with 
respect to criteria cardinalities, all relations between catego 
ries are invariant with respect to increasing cardinalities. AS 
an example, consider a classification of a Set A by two 
mutually independent criteria C and C, each criterion 
having the cardinality 2. Since the union of branches 1 and 
2 of criterion C is total, it covers the entire Set A, So, as a 
matter of fact the following inclusion is valid: 
A2}{1} A1(1}UA (2}=A. However, if the cardinality 
of C is increased to 3, then the union of its branches 1 and 
2, A (1}UAf{2}, is not a total union any more, and the 
inclusion considered here does not hold. So, the lack of 
invariance of the formula A. (1} - A {1}UAf{2} pro 
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hibits its use in the context of the described formalism, 
which is equivalent to negating its correctness. 

0256 Third, the semantics of the formalism considered 
does not allow the description of relations between catego 
ries that results from the Semantical relation of criteria, 
because there are no criteria reflecting Such relations. For 
example, in the conjunctive classification of the Matlab 
objects with three mutually independent but Semantically 
related criteria C. “Is a Number?', C. “Is a Vector'?”, and C. 
“Is a Matrix'?", (see, for example, the section above titled 
“Illustrative Embodiment of Unions of Classification Cat 
egories and a Taxonomy Algebra”) the Semantical relation 
ship between criteria results in the relations ref, (C, 
yes)} - {ref. (C, yes), (C, no), (Cs, no)}, {ref, (C, 
yes)}?h{ref, (C, no)}={ref, (C, yes), and so forth. Such 
correlations are based on “external” conventions (namely, 
any particular object cannot pertain Simultaneously to any 
two of categories “Number”, “Vector”, “Matrix”), or those 
that are not reflected in the Structure of the generating 
polyhierarchy, So they do not have a proper representation in 
terms of predicates and logical functions. 

0257. In summary, categories of classification are treated 
as Subsets of all imaginary (potentially existing) objects with 
combinations of properties permitted by the construction of 
the generating polyhierarchy. When performing Set theory 
operations on categories and establishing relations between 
them, the requirement of invariance with respect to increas 
ing criteria cardinalities should be considered. Any category 
relationships stipulated only by the <<external>> Semantics 
of criteria and not reflected in the Structure of the generating 
polyhierarchy are excluded from consideration. 

0258. In one implementation of this methodology, it is 
convenient to represent the logical polynomial functions 
(11) in the form of assemblies: 

0259 where Seki-h{ik}(1sks K), and 
(15) 

firgs-Stip. ; it “res a 
0260 where p(sk)zp(t,k) if Szt. Without loss of gener 
ality it can be assumed that none of the Simple categories 
defined by simple collections (16) includes another, (i.e., 
Spektik ZS {p(D) is: if kal). Assemblies (15) are yet 
another form of attributive expressions called unions of 
Simple collections. This representation, by definition, 
includes the conjunction of elementary Specializations of 
properties within each simple collection (16) and the dis 
junction of Specializations represented by Separate simple 
collections. 

0261) To compute the complements of categories consid 
ered below, an expression for the negation of a logical 
polynomial will be needed. Simple transformations result in 
the formula 

K (17) 
-dip(sik) is k} = A. (-hyp(sk) is k}) 
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s 

( A Patia) /\(-Pas. (i. ). 

0262 where the operation of logical negation is denoted 
by “-”. This formula differs from the classic one by addi 
tional <<cofactors>>(P(i,i), 1sts S-1) that are intro 
duced for a correct representation of definition domains of 
the predicates Pesk(isk). In practical implementations, the 
negations of predicates can be represented by complements 
of the respective attributes:(-Pb(i))-compl(Ce, 
i), see (2). Whenever necessary, the complements can be 
eliminated from the unions of Simple collections by using 
mutual distributivity of operations and v. 
0263 Since the semantics of unions of simple collections 
is based on Set theory operations and rules, it preserves the 
meaning of the relation "general-specific,” which is equiva 
lent to the relation of inclusion. Since it also preserves the 
meaning of dependency relations between criteria and 
imposes no restrictions on the use of composite categories as 
roots, unions of Simple collections can be used in the 
construction of the generating polyhierarchy. This generali 
Zation turns the System of categories of the induced polyhi 
erarchy into a ring (i.e., a System of Subsets closed with 
respect to operations of unification, interSection, Subtraction 
and symmetric difference). 
0264. Note that the method considered here of describing 
categories by logical functions and collections of attributes 
reminds one of the formal language of "granular computing 
used for an automatic construction of classifications by 
known properties of objects (as described, for example, in 
the article by Y. Y. Yao and J. T. Yao, titled “Granular 
Computing as a Basis for Consistent Classification Prob 
lems,” in Communications of Institute of Information and 
Computing Machinery, a special issue of PAKDD02 Work 
shop on Toward the Foundation of Data Mining, Vol.5, No.2, 
pp. 101-106, 2002). However, in spite of the perceived 
Similarity of the formalisms used, the instant approach is 
conceptually different from the granular computing technol 
ogy. Illustrative examples of these differences may include: 

0265. In various illustrative embodiments, the for 
malism introduces the basic concept of a generating 
polyhierarchy that enables development of classifi 
cations on a more abstract concept base, and efficient 
operations on Sets of classifications, Such as compo 
Sition and splitting of polyhierarchies, 

0266 The induced polyhierarchy is uniquely 
defined by the conditions of compatibility of the 
object properties encoded by the Structure of the 
generating polyhierarchy, So the construction of the 
classification itself does not require reference to an 
available Set of classified objects, and 

0267 Definitions of set theory operations are invari 
ant with respect to changes in the composition of the 
classification universe, the implied meaning of cri 
teria, and the increase of criteria cardinalities. 

0268 Also, procedures for elementary generaliza 
tions and Specializations are introduced, thus allow 
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ing definitions of immediate child and parent cat 
egories for a Selected category, which in its terms 
automatically provides for the existence of a global 
polyhiearchal Structure of classification. 

0269 Operations on Unions of Simple Collections 
0270. A number of basic tasks may be useful for working 
with a classification. These basics tasks may include: 1) the 
test for inclusion, 2) computing the union, 3) computing the 
intersection, 4) computing the complement, and 5) retrieving 
direct base (parent) and direct derived (child) categories. 
The algorithms to perform these tasks in terms of unions of 
Simple collections form a basic Set of operations on catego 
ries are called taxonomy algebra. 
0271 For simplicity, a number of technical details of 
operations with Simple collections are omitted. Moreover, 
union components are defined as Simple categories that 
correspond to individual Simple collections from the unions. 
0272 Test for Inclusion 
0273 According to the formula (14), the relation of 
inclusion between categories is considered equivalent to the 
relation of implication between their logical polynomials. 
Due to the independence of predicates Pe(i) with different 
criteria numbers p(S), none of the logical polynomial func 
tions (11) at Ke2 can be represented as a conjunction of 
predicates. Therefore, for a set of simple categories. A 
(1sis K), such that A, GA; if izij, and a simple category 
BC AUAU . . . UA, there exists a number r (1srs K) 
such that BCA. 
0274. Two arbitrary categories may be represented by 
unions of Simple collections: 

0275 Previous considerations allow the following con 
clusion: for the first category to be included in the Second 
one, or Ape is Act in, it is sufficient that 
each of the components of the first union is included into 
Some component of the Second union: 

(18) 

0276 Computing the Union 
0277. The algorithm is based on formula (12) of the 
disjunction of logical polynomials. The union of two given 
categories (18) is determined by concatenation of the lists of 
simple collections included in the unions (See {i}} 
and {Sac.in)}{im} }: 

iggers of it ge. 

0278 with the Subsequent removal of redundancy, (i.e., 
reduction of the resulting union of Simple collection). The 
latter means removing Simple categories already included in 
other components of the union. In other words, reduction is 
the removal of all Simple collections SSuch that the resulting 
union of simple collections (20) includes at least one simple 
collection TCS. 

(20) 

0279 Computing the Intersection 
0280 This algorithm is based on the formula (13) of the 
conjunction of logical polynomials. The interSection of two 
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given categories (18) is equivalent to the union of all 
non-empty pair-wise intersections of the union components: 

Tiz ()} should be reduced (see, for example, the previous 
Section titled “Computing the Union”). 
0282) Computing the Complement (Difference) 
0283) This algorithm is based on the formula (17) for the 
negation of logical polynomials. If the categories (18) are 
defined by the polynomials dipse}{ik} and da(m)}{in}, 
respectively, then: 

1sks K, 

Airglot, As artial-discotia) ( {q(tm)} Jtm 

0284. Going over to an equivalent description in terms of 
attributive expressions, results in: 

K2 (2. (22) 
Atti,k}\Atatin)}{im} = Atp(sk) is k} UBn, 

0285) where L are the total numbers of attributes in the 
simple categories St. {j}(1sms K.), and the ancillary 
categories B, are defined by the following collections: 

Bimri (Ca(1-milm):(Cacap jzm). . . . . (Ca(1-1 m) 
i–1m). compl(Ca(n) Jtm 3. 

0286) where 1sts L, 1sms K. Using expression (2) 
for the complements of branches and the mutual distribu 
tivity of the operations and v, B, may be represented as 
unions of No-1 simple collections T.: 

Bin-Tim 1SriSN(m) Irin}, (23) 
Tim (Ca(1,m) y (Ca(2m)- jzm). (Ca(-1.m): 
i–1m), (d. r), 

(0287) where N are the cardinalities of the respective 
criteria Can 
0288 Combination of the expressions (22) and (23) pro 
vides the ability to compute the complement as a Superpo 
sition of unions and intersections of the categories B, using 
the algorithms (20) and (21). In a general case, the direct use 
of these formulas may prove costly, but general ways of 
efficient optimization are possible. 
0289 Since the composition of unions {T} depend on 
the cardinalities N., the complement operation in the 
above-given formulation is not invariant with respect to an 
increase of the criteria cardinalities. However, it can be 
made invariant by generalizing the notion of a simple 
collection by allowing it to include complements of 
attributes in the same way as complements of branch unions 
(2) introduced in the section titled “Unions of Criterion 
Branches'. In that case, simple collections encode conjunc 
tions of the predicates Pe(i) and their negations that 
allow the description of the categories B, directly, without 
using expressions (23). This generalization requires. Some 
minor modifications of the algorithms considered here. 
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0290 Retrieving Direct Derived and Base Categories 
0291. It is natural to call direct parents (or direct base) 
categories and direct children (or direct derived) categories 
of a given category Athose categories BDA and DCA, that 
result from Aafter performing a single elementary extension 
(generalization) and, respectively, restriction (specializa 
tion). In other words, those extensions and restrictions that 
cannot be represented as a composition of simpler opera 
tions. More exactly, there are no intermediate categories B 
and D* such that B*z A, B*z B, BDB* DA and D*z A, 
D*z D, D C D* CA, respectively. 
0292. In the semantics of unions of simple collections, 
any extension of a category A is performed by uniting it with 
any non-empty category not included in A, and any restric 
tion is performed by Subtracting from A one of its non-empty 
subcategories. Elementary extensions and restrictions cor 
respond to addition and Subtraction of various leaf catego 
ries of the induced polyhierarchy. Leaf categories are simple 
categories without free criteria. 
0293). Thus, direct derived and direct base categories of a 
category A are all possible non-empty categories A\E and A 
UF, respectively, where ECA and FozA are leaf categories 
of the polyhierarchical classification. Clearly, the previously 
considered procedures of restriction and extension in terms 
of simple collections (see, for example, the Section above 
titled “Illustrative Embodiments of the Induced Polyhierar 
chies of Categories”) and collections with unions of 
branches (see, for example, the sections above titled 
“Retrieving Direct Derived Categories” and “Retrieving 
Direct Base Categories”) can be performed as sequences of 
corresponding elementary operations in terms of unions of 
simple collections. 

Illustrative Embodiments of Database 
Configurations Facilitating Collections with Branch 

Unions and Unions of Simple Collections 
0294 The generalized forms of attributive expressions, 
described above, can be implemented using common data 
base management systems (DBMS) as effectively as simpler 
versions of the method described, for example, in the Section 
above titled “Illustrative Embodiments of Database Con 
figuration Facilitating Simple Collections'. In one illustra 
tive embodiment, the generalized form of the attributive 
expression may be implemented in the MicroSoft Access 
2000 environment. FIG. 14, for example, shows a database 
configuration that facilitates classifications based on attribu 
tive expressions in the form of collections with branch 
unions, generally described in the Section above titled 
“Union of Criterion Branches'. 

0295) Compared with the initial construction of a sample 
database as described above in the description accompany 
ing FIG. 11, this system includes two additional tables: 
“Unions” and “Collections”. It should be appreciated that 
other labels or identifiers may be assigned to the tables and 
that the selected names may vary as a matter of design 
choice. The first table serves for identifying branch unions 
(1) participating in persistent collections (3), with the table 
“Attributes' defining the composition of those branch 
unions as a “many-to-many relation between the tables 
“Branches” and “Unions”. Similarly, the “Collections” table 
defines the composition of the collections with branch 
unions (3) that describe persistent classification categories, 
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as a “many-to-many' relation between the tables “Unions” 
and “Categories”. To provide the possibility of describing 
persistent categories by using complements of branch unions 
(2), the “Collections” table contains the field “Complement” 
which takes values “Yes” and "No.' The value in this field 
defines whether a particular branch union “Union Ref is 
included in the collection of the persistent category “Cat 
egory Ref as is or as a complement of itself. 
0296 FIG. 15 shows a sample database configuration 
that facilitates classifications based on the attributive expres 
Sions in the form of unions of Simple collections, which are 
described generally, for example, in the Section titled “Unit 
ing Arbitrary Categories'. By its construction, this configu 
ration is similar to the database configuration illustrated in 
FIG. 14. The table “SimpleCollections' identifies simple 
collections (16) participating in persistent unions of simple 
collections (15), with the composition of those collections 
defined by the “Attributes” table as a “many-to-many” 
relation between the tables “Branches” and “SimpleCollec 
tions”. The use of an additional field “Complement” in the 
table “Attributes” taking values “Yes” and “No” allows the 
formation of Simple collections with complements of 
attributes. Finally, the table “Collection Unions' describes 
unions of Simple collections of the form (15) (in particular, 
Single simple collections) defining persistent categories as a 
<<many-to-many>> relation between the tables “SimpleC 
ollections” and “Categories”. 
0297. The exemplary database configurations are 
intended for automatically performing low-level operations 
Such as retrieving a list of branches of a Selected criterion, 
finding a root category of a criterion, retrieving a list of 
attributes of the attributive expression defining a Selected 
category, finding objects pertaining to a given category, and 
the like. These processes may be performed using Standard 
management Systems of a relational database. Implementa 
tions of these methods in environments other than relational 
databases may require the development of Supplementary 
platform-specific routines to Support Such low-level opera 
tions. In addition, Supplementary Software code may be used 
for Supporting higher level operations, Such as database 
access, user interfaces, and operations on classification 
categories mentioned, for example, in the Sections titled 
“Operations on Collections with Branch Unions” and 
“Operations on Unions of Simple Collections”. However, 
unlike with conventional classification methods, the Supple 
mentary Software does not depend on application-specific 
features of the polyhierarchical classification and the com 
plexity of the classification. 
0298. Other Aspects of Practical Implementations 
0299. In the development of particular applications, addi 
tional technical challenges may arise that may be resolved 
with the knowledge of application functionality and Specific 
features of the particular polyhierarchical classification. 
Some of the predictable issues include: 

0300) 1. As already noted in the sections above, the 
generalized forms of attributive expressions greatly 
increase the granularity of classification (i.e., total 
number of available classification categories, in par 
ticular the numbers of direct parents of non-topmost 
categories and direct children of non-leaf catego 
ries). In Some cases, this may lead to Such a com 
plexity of Sub-trees of the induced polyhierarchy that 
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they no longer allow for an observable graphical 
representation. In this case, the use of the “three 
window interface” (see, for example, the description 
accompanying FIG. 12 in the section titled “Illus 
trative Embodiments of a Graphical User Interface”) 
becomes difficult, as well as the use of any other 
graphical interface based on the Sub-trees visualiza 
tion. Thus, the design of the user interface may 
become an important factor when developing appli 
cations with interactive access to the classification, 
Such as with interactive Search Systems. 

0301 2. The description of the classification catego 
ries in terms of unions of Simple collections is much 
more general than the description based on collec 
tions with branch unions. On the other hand, classi 
fications built with intensive use of branch unions 
may not be able to be implemented efficiently in 
terms of unions of simple collections. This follows 
from the observation that after the transformation of 
logical polynomials (10) to the form (11), the size of 
the data Structures required for their representation in 
terms of attributive expressions could increase con 
siderably. 

0302) Therefore, when constructing complicated classi 
fications, an optimization of the formalism of unions of 
Simple collections may be required. To combine advantages 
of the two method versions, it is possible to use a mixed 
form of the logical functions defining classification catego 
ries (see, for example, the Section above titled “Uniting 
Arbitrary Categories”): 

R R r K. (24) 
ep(s)}{ins.r} = Vg1p(s) inst V W V Pets (ins,r), 

E 

Mr. Ksir 

where gipsyti,...} = /\ V.P., (i,s)(1s r s R). 

0303 Particular terms go is of the disjunctions 
C {{s-p}tins...} are similar to the functions c {p(s)}{in} from 
(10), so attributive expressions that encode the functions 
(24) can be called unions of collections with branch unions. 
The algorithms of taxonomy algebra for those attributive 
expressions can be derived by combining algorithms from 
the appropriate Sections above. However, due to the mutual 
distributivity of the operations and V, in a general case 
functions C {p(s)}{i,s} may have several equivalent repre 
Sentations. Thus, practical implementations of unions of 
collections with branch unions may require choosing an 
optimal canonical form of the functions (24). The choice 
should ordinarily depend on the target application function 
ality and the features of a specific classification. 

Illustrative Embodiments of Implementations 
0304. The simplified database configurations considered 
in the Subsections above titled "Illustrative Embodiments of 
Database Configuration Facilitating Simple Collections” 
and “Illustrative Embodiments of Database Configurations 
Facilitating Collections with Branch Unions and Unions of 
Simple Collections' provide efficient support for low-level 
operations in relational database environment, thus allowing 
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a reduction in the size of program codes that perform 
high-level operations, Such as access to a database, user 
interfaces, operations on classification categories, etc. How 
ever, when optimized for particular applications, those con 
figurations may require modification and/or Supplementa 
tion by additional elements. For the purpose of illustration, 
Several exemplary modifications are listed below that might 
be helpful for reducing the use of computer resources, 
extending the functionality, and enhancing the efficiency of 
the interfaces: 

0305 1. When building complex classifications that 
contain a large number of criteria and persistent 
categories, the largest Space in the permanently 
Stored descriptive data (without taking into account 
classified objects) may be occupied by the auxiliary 
table “Attributes' representing a “many-to-many” 
relation between other tables, see FIGS. 11, 14, and 
15. Therefore, considerable reduction in storage 
requirements can be achieved by Storing persistent 
attributive expressions in a compact form. For 
instance, the following techniques can be useful: 
0306 a. Instead of representing persistent attribu 
tive expressions by “many-to-many relations 
between dedicated tables, they can be compressed 
into a form of binary or text Strings and Stored in 
a special field of the “Categories” table. In some 
cases the compact format of the attributive expres 
Sions can be chosen So that typical operations, 
Such as inclusion checking may be executed 
directly with the compressed Strings without 
decoding them. In addition to a Savings in Storage 
Space, this Solution provides for faster retrieval of 
the attributes of a specified category. 

0307 b. In the “Categories” table, a set of inter 
mediate “reference-point' categories can be speci 
fied, Such that all other classification categories 
can be derived from them. Reference-point cat 
egories are described by their full attributive 
expressions, while all other persistent categories 
are described by references to the nearest base 
reference-point categories Supplemented with 
additional attributive sub-expressions. Those 
additional Sub-expressions can be Stored in a com 
pressed form as discussed above. One natural 
choice for reference-point categories is the Set of 
root categories of criteria. This method of repre 
Sentation of attributive expressions by Splitting 
them into two or more Sub-expressions is useful, 
in particular, for Scalable network-distributed clas 
Sifications with Sub-hierarchies Stored on, for 
example, different network nodes. 

0308 2. To ensure data consistency when designing 
and maintaining distributed classifications, it is expe 
dient to remove the direct link of the description of 
the generating polyhierarchy of criteria with the list 
of persistent categories. This can be attained by using 
a dedicated group of independent tables to Store 
criteria and Sets of branches that define the Structure 
of their dependencies, (i.e., generating polyhierar 
chy). 

0309) 3. In certain contexts, (e.g., in graphical inter 
faces), it may be useful to quickly restore Some 

Mar. 24, 2005 

Sub-hierarchies of categories in the forms of trees or 
DAGs. This requires an efficient implementation of 
the retrieval of all direct parents and children of a 
given category (see, for example, the Sections above 
titled "Illustrative Embodiments of the Induced 
Polyhierarchies of Categories”, “Retrieving Direct 
Derived Categories”, “Retrieving Direct Base Cat 
egories”, and “Retrieving Direct Derived and Base 
Categories'). In particular, it is useful to include in 
the descriptions of persistent categories additional 
information that would simplify the detection of their 
leaf and free criteria. This information can be 
encoded in a number of different ways. AS an 
example, the information may be encoded as fol 
lows: 

0310 a. In the descriptions of attributive expres 
Sions, the attributes (or branch unions) corre 
sponding to leaf criteria may be assigned a Special 
flag to distinguish them from other attributes (or 
branch unions). 

0311) b. To explicitly list free criteria, the attribu 
tive expressions may be Supplemented with new 
elements that can be called unspecified attributes. 
Each unspecified attribute has a reference to 
respective free criteria and has a flag that distin 
guishes it from other attributes (or branch unions), 
Such as a reference to an “undefined branch' not 
asSociated with any criterion. 

0312 4. When using semantically related classifica 
tion criteria, it is helpful to enable the recognition of 
attributive expressions that correspond to identically 
empty categories defined by inconsistent Sets of 
object properties. To automate this task it may be 
beneficial to include the most abstract of identically 
empty categories in the “Categories” table with a flag 
to distinguish them from the rest. These categories 
can be also associated with diagnostic messages 
Stored in a separate database table. 

0313 5. In some embodiments, the polyhierarchical 
classification can be combined with other tools for 
the Search and the retrieval of data, Such as interac 
tive applications for Search by keywords, parameter 
ranges, and the like. If these tools are applicable not 
to the whole classified set but only to some of its 
Subsets, for automatically enabling and disabling 
them it may be useful to describe their domains of 
applicability in terms of classification categories. In 
a general case, classification categories can be 
defined by “natural” criteria, (i.e., criteria dictated by 
the nature of the classified objects), as well as 
additional “control” criteria introduced exclusively 
for the Support of particular external tools. For the 
automation of interfaces, root categories of the “con 
trol” criteria may also be included into the “Catego 
ries” table with a flag to distinguish them from other 
categories. 

0314 6. To simplify development of interface pro 
gram codes, it can be convenient to use attributive 
expressions not only for describing classification 
categories, but also as a formal language for repre 
Senting intermediate logical formulas arising at dif 
ferent Stages of data processing when working with 
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a classification. Consider, for example, a particular 
case when a classification is built on the basis of one 
of three forms of attributive expressions: simple 
collections, collections with branch unions, or 
unions of Simple collections. If an application 
requires access the classification using complex que 
ries in the form of general logical formulas com 
posed of elementary predicates (like those used in 
Set-based and dynamic classifications), the interface 
program can encode Such queries in the form of a 
union of Simple collection for further processing. 
Since any of three mentioned forms of attributive 
expressions used in construction of the classification 
is a particular case of unions of Simple collection, 
descriptions of classification categories can be 
dynamically converted to the same form. Therefore, 
when processing client queries, both descriptions of 
classification categories and input queries can be 
represented in a unified form, thus allowing use of a 
standard software library that supports a full set of 
logical operations (or set theory operations which is 
the same) using, for example, algorithms described 
in the section titled “Operations on Unions of Simple 
Collections”. This manner of optimization may be 
useful for both interactive and automatic modes of 
accessing a classification. The examples considered 
here show that a particular classification implemen 
tation may use several different forms of attributive 
expressions for different operations within the clas 
sification. For example, a first form of attributive 
expression may be used for developing and manag 
ing the classification, while a Second form of attribu 
tive expression may be used for operating the clas 
sification to facilitate logical operations. 

0315 7. Applied polyhierarchical classifications 
may involve complex Systems of criteria. AS an 
example, a relatively Small fragment of a generating 
polyhierarchy used as a foundation of a polyhierar 
chy of mathematical objects currently under devel 
opment by QNT Software Development Inc. is pre 
sented in FIG. 16. If a classification includes too 
many simultaneously applicable criteria, then an 
appropriate ordering of those criteria may be 
required to provide convenient user interfaces. 

0316 A specific feature of various illustrative embodi 
ments of the methods claimed herein is that their practical 
realization includes definitions of domains of applicability 
of the classification criteria. Therefore, restructuring many 
existing classification Systems in order to represent them in 
the form of induced polyhierarchies may require auxiliary 
criteria introduced exclusively for defining domains of 
applicability of other criteria. If the original classification is 
not based on a well-reasoned System of criteria, the classi 
fication may require adjustments of user interfaces in order 
to fill the gap between the new structure of classification and 
the user's conservative perception. 
0317. To illustrate these points, FIG. 17 shows a sub-tree 
of Some original classification that corresponds to a parti 
tioning of Ainto four Subcategories: B1, B, B and B. If the 
original classification is not based on attributive descriptions 
of object properties with a well-structured System of clas 
sification aspects, then restructuring may result, for 
example, in replacement of the original Sub-tree with a more 
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complex one, such as the sub-tree shown in FIG. 18, where 
attributive expressions of categories B, B2, Bs, B include 
different numbers of attributes. However, when developing 
the user interface for this classification, it may be appropri 
ate to hide the intermediate branching levels introduced for 
a correct reflection of criteria dependencies, and instead 
display this fragment as a single composite criterion with 
four branches, represented in FIG. 17. 
0318. The considerations above result in the conclusion 
that criteria presented to the user, as well as the order of their 
presentation, may not only be determined by the Structure of 
the generating polyhierarchy, but also by considerations of 
the user's convenience, use of conventional terminology, 
and the like. Therefore, practical applications may require 
Some auxiliary data structures Specifying the interface pro 
tocol. Particularly, for the Support of non-branching frag 
ments of a generating polyhierarchy in the form of compos 
ite criteria, it may be sufficient to add a field for the 
“shown/hidden' flag to the “Criteria” table. However, it 
should be appreciated that Such ordering of Simultaneously 
applicable criteria and/or hiding criteria for the purpose of 
improving user interfaces may be accomplished without 
changing the underlying structure of the generating polyhi 
erarchy. 

Advantages of Various Illustrative Embodiments of 
the Classification Methods 

03.19. The description of polyhierarchical classifications 
based on the use of generating polyhierarchies of criteria has 
Several advantages over widely used conventional methods 
of description by trees, facets, directed acyclic graphs 
(DAGs), and their compositions (facets). Illustrative 
examples of Some of these advantages include: 

0320) 1. Compactness of descriptive data. Data 
Structures required for describing a classification 
which are usually Stored in a data repository or 
represented by an application-specific program code, 
ordinarily have by an order of magnitude Smaller 
Size compared to equivalent descriptions in terms of 
trees, DAGs or facets. For basic operations, Such as 
Specifying object properties and Searching for 
objects by Superposition of dependent criteria, 
retrieving particular Sub-hierarchies with dynami 
cally generating attributive expressions that define 
intermediate categories, matching distant categories 
by the relation "general-Specific', and performing Set 
theory operations on persistent and dynamic catego 
ries, it is only necessary to permanently Store 
descriptions of the generating polyhierarchy and 
non-empty categories of the induced polyhierarchy 
(See, for example, the Section above tided “Implicit 
Description of Induced Polyhierarchies of Catego 
ries”). Because the generating polyhierarchy con 
tains information about relations between criteria 
(but not categories), its structure is vastly more 
compact than that of the induced polyhierarchy. 
Definition of categories in terms of attributive 
expressions makes it unnecessary to Store informa 
tion about inheritance relations between categories 
(which are usually represented by graph edges or 
relations in faceted thesauri) regardless of the com 
plexity of System of those relations. 

0321) 2. Flexibility of the classification. Instead of 
listing consistent compositions of object properties 
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that define classification categories, various illustra 
tive embodiments of the classification claimed 
herein encode the full set of meaningful categories 
and inheritance relations between them by means of 
a generating polyhierarchy and Sets of branches of its 
criteria. This simplifies modification of a polyhier 
archical classification, for example, during its 
design, Subsequent detailing, and when extending 
the classified Set. So, for example, it proves useful 
not to list categories that are expected to be non 
empty in advance, but form them automatically as 
new objects are included into the classification. 
Extension of the category polyhierarchy, required in 
order to introduce new options for defuring object 
properties, is done Simply by extending the Set of 
branches of corresponding criteria. Somewhat more 
complex modifications necessary for a) increasing 
the level of detail in descriptions of object properties 
or b) composing several polyhierarchical classifica 
tions into one, can be performed by extending the 
generating polyhierarchy by adding new criteria or 
Sub-hierarchies of criteria with the automatic expan 
Sion (or merger) of the previously formed persistent 
attributive expressions. 

0322 3. Simplification of managing algorithms. 
Describing categories of classification in terms of 
attributive expressions directly identifies composi 
tions of object properties without involvement of any 
redundant information, Such as the Sequence of Spe 
cializing those properties. Unlike the conventional 
methods of description in terms of trees, DAGs, or 
facets the description presented herein is essentially 
non-local, because each attributive expression 
defines an absolute location of a category in the 
induced polyhierarchy, and, therefore, encodes a full 
Set of possible paths connecting categories in the 
equivalent DAG. This leads to a considerable reduc 
tion in computational costs for Solving “non-local” 
problems, Such as a) the check of the distant inher 
itance (i.e., inclusion) relation between two given 
categories (see, for example, the Sections above titled 
“Illustrative Embodiments of the Induced Polyhier 
archies of Categories”, “Test for Inclusion Relation”, 
and “Test for Inclusion”), b) determining the nearest 
common base category for a given Set of categories, 
and c) determining the nearest common derived 
category for a given Set of categories. Unlike algo 
rithms attempting to Solve these problems using 
local inheritance relations, the use of various illus 
trative embodiments of the methods claimed herein 
requires neither combinatorial Search for a path nor 
Storage of redundant descriptions. 

0323 4. Automatic unambiguousness and consis 
tency of description. A generating polyhierarchy and 
the Sets of criteria branches define the Structure of an 
induced polyhierarchy of categories. Hence, the use 
of various illustrative embodiments of the methods 
claimed herein does not require the use of heuristics 
in determining what persistent categories are neces 
Sary and how they relate to each other. Also, con 
Sistency of Sets of object properties encoded by 
attributive expressions automatically results from 
dependence relations between criteria, without the 
involvement of any auxiliary constructions, Such as 
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composition rules, roles and purposes, meta-facets 
and the like. AS opposed to other methods of clas 
sification, auxiliary descriptions and/or computer 
programs are not required to ensure unambiguous 
neSS and consistency of input data when developing, 
maintaining, and using databases or other informa 
tion repositories. 

0324 5. High abstraction level. As already noticed 
in the section above titled “Implicit Description of 
Induced Polyhierarchies of Categories”, the main 
Stage of constructing a classification is the design of 
a generating polyhierarchy, which is performed by 
Systemizing classification criteria that provide Spe 
cialization of Significant traits (i.e., properties of 
imaginary objects, distinguishable under the classi 
fication). Unlike the process of designing classifica 
tions described by trees, facets and DAGS, it is not 
required at this stage to a) prescribe an order between 
mutually independent criteria, b) list necessary ver 
tices (categories), and c) introduce redundant edges 
or other auxiliary descriptive Structures like meta 
facets. So, various illustrative embodiments of the 
methods claimed herein allow the design of polyhi 
erarchical classifications on the basis of broader 
concepts, without considering Secondary, implemen 
tation-specific details. In addition, the generating 
polyhierarchy and/or its Sub-hierarchies become pri 
mary information Structures that can be developed 
independently and reused when creating various 
classifications. 

0325 6. Increased efficiency of interfaces. The 
absence of a prescribed order between criteria Shar 
ing a common root category and intrinsic recognition 
of criteria domains of applicability makes interactive 
data input when developing and using information 
repositories much more efficient. Thus, it is expedi 
ent to build an interface that provides a full set of 
criteria applicable at a current level of Specialization, 
and allows any of these criteria to be applied for 
further Specializing of the description. The use of 
Such an interface for interactive specialization of 
object properties is Similar to browsing partial Sub 
trees of the polyhierarchical classification, which are 
defined by the Sequence of Specializations. However, 
unlike algorithms implemented in conventional 
widespread interactive database management and 
Search Systems, various illustrative embodiments of 
the methods claimed herein allow these trees to be 
formed dynamically rather than to be predefined. 
This enables a considerable increase in the variety of 
criteria (i.e. level of detail in specialization of object 
properties) without paying for the additional costs 
entailed by an increase in the complexity of the 
interface or by the catastrophic expansion of descrip 
tive data and/or managing programs. 

0326 General Guidelines for Implementation 
0327 In various illustrative embodiments of the present 
invention, as shown in FIG. 19, a method 1900 begins, as set 
forth in box 1910, by identifying a plurality of classification 
criteria for Specializing classifiable traits of objects. The 
identified plurality of criteria should be sufficient for 
describing properties of objects considered useful for dis 
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tinguishing the objects under a classification. AS previously 
described, the objects may be imaginary objects that can 
theoretically exist due to the compatibility of various prop 
erties distinguishable under a classification. Each criterion in 
the plurality of criteria is represented by a set of mutually 
exclusive attributes So that a single classified object can be 
assigned no more than one attribute by the same criterion. 

0328. A domain of applicability of each criterion is 
representable as a classification category defined by an 
attributive expression that is composed of attributes from 
other criteria, or by the empty attributive expression. Since 
Some auxiliary criteria may be required for defining domains 
of applicability of the previously Selected criteria, identify 
ing classification criteria may be performed Simultaneously 
with identifying their domains of applicability. 

0329. The method 1900 may proceed by choosing a form 
of attributive expressions for describing classification cat 
egories, as set forth in box 1920. The chosen form of the 
attributive expressions depends on a set of logical operations 
to be used for composing elementary Specializations 
encoded by individual attributes. Depending on the required 
functionality of the target classification, the attributive 
expressions may have the forms of 

0330 simple collections of attributes implying a 
logical conjunction of elementary Specializations 
encoded by attributes from different criteria (see, for 
example, the section above tidled “Illustrative 
Embodiments of Polyhierarchies of Criteria'); 

0331 collections with branch unions allowing, in 
addition, a logical disjunction of elementary Special 
izations encoded by attributes from the same crite 
rion (See, for example, the Section above titled 
“Unions of Criterion Branches”); 

0332 unions of simple collections encoding arbi 
trary logical Statements on object properties repre 
Sentable in terms of elementary Specializations of 
criteria using conjunctions, disjunctions, differences, 
and negations (see, for example, the Section above 
titled “Uniting Arbitrary Categories”); 

0333 unions of collections with branch unions, 
which are an optimized version of unions of Simple 
collections (see, for example, the Section above titled 
“Other Aspects of Practical Implementation”); 

0334 other application-specific attributive struc 
tures encoding logical Statements of object proper 
ties in terms of elementary Specializations. 

0335) Since domains of criteria applicability should be 
representable as classification categories defined by attribu 
tive expressions, an optimal way of describing those 
domains may depend on the chosen form of the attributive 
expressions. On the other hand, describing domains of 
applicability for application-specific criteria may require 
Support for Some pre-defined set of logical operations that 
relate to application-specific forms of the attributive expres 
Sions. As a result, it is often the case that the Steps of 
identifing a plurality of criteria (box 1910) and choosing a 
form of the attributive expression (box 1920) are closely 
related, So that the identified criteria may impose restrictions 
on the form of the attributive expressions, and variation of 
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that form may result in changes in composition of the 
identified plurality of criteria. 
0336. The method may further proceed by partially order 
ing the plurality of classification criteria into the generating 
polyhierarchy of criteria by identifying domains of criteria 
applicability in terms of their root categories described by 
respective attributive expressions, as set forth in box 1930. 
AS described in the section above titled "Illustrative 
Embodiments of Polyhierarchies of Criteria”, the depen 
dency relationships between criteria resulting from the defi 
nition of their domains of applicability automatically forms 
the generating polyhierarchy of criteria, as indicated Sche 
matically at oval 1940. 
0337 The resulting generating polyhierarchy of criteria 
implicitly provides an unambiguous and exhaustive descrip 
tion of a Structure of the target polyhierarchical classification 
(see, for example, the section above titled “Illustrative 
Embodiments of the Induced Polyhierarchy of Categories”). 
The generating polyhierarchy of criteria may be perma 
nently Stored in a data repository, or represented in an 
alternative form intended, for example, for distribution in a 
text format. The alternative form of representation of the 
generating polyhierarchy of criteria should be equivalent to 
the representation in terms of attributive expressions of root 
categories in the Sense that the former can be automatically 
converted to the latter without using any extra information. 
0338. On completing the step set forth in box 1940, the 
induced polyhierarchy of classification categories appears to 
be implicitly defined So that explicit identification and/or 
enumeration of the categories is not required. The method 
1900 may further proceed by: 

0339 Superimposing the generating polyhierarchy 
to a Stored Set of object descriptions and interactively 
Specializing new objects with an automatic recogni 
tion of domains of criteria applicability and random 
access to all the currently applicable criteria, as Set 
forth in box 1950, and/or 

0340 Supporting interactive search and retrieval of 
information on the classified objects with an auto 
matic recognition of domains of criteria applicability 
and random access to all the currently applicable 
criteria, as set forth in box 1960, and/or 

0341 Supporting automatic specialization of new 
objects using an auxiliary programming environ 
ment, and automatic Search and retrieval of infor 
mation on the classified objects Specified by dynami 
cally constructed attributive expressions, as Set forth 
in box 1970. 

0342. At oval 1940, the generating polyhierarchy of 
criteria may be considered as an independent re-usable 
information Structure Serving as a template classification for 
Structuring information. In general, the generating polyhi 
erarchy may be: 

0343 Superimposed with several sets of classified 
objects having Similar properties, 

0344 added to more general template classifications 
as a component; or 

0345 used as a prototype for constructing more 
comprehensive template classifications. 
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0346 Accordingly, depending upon the implementation 
of the present invention, the steps set forth in boxes 1910, 
1920 and 1930 may be undertaken as separate steps from the 
steps described in boxes 1950, 1960, 1970. For example, 
steps 1950, 1960, and 1970 may be repeated when super 
imposing different Sets of classified objects with the tem 
plate classification. 

0347. Further extensions and refinements of the target 
classification may include, for example: 

0348 extending the set of objects Superimposed 
with the generating polyhierarchy; 

0349) 
0350 introducing new criteria to an existing gener 
ating polyhierarchy of criteria; 

0351 extending an existing generating polyhierar 
chy of criteria by incorporating other generating 
polyhierarchies or their Sub-hierarchies in the exist 
ing generating polyhierarchy of criteria. 

introducing new branches to existing criteria; 

0352. When introducing a new criterion or incorporating 
a Second polyhierarchy into an existing generating polyhi 
erarchy, domains of applicability of the new components 
should be identified and represented by root categories in the 
existing generating polyhierarchy. To automatically estab 
lish a proper Structure of dependency relationships between 
criteria of the original generating polyhierarchy and criteria 
of the new components, root categories of the new compo 
nents should be defined in terms of attributive expressions 
composed of attributes from criteria of the original gener 
ating polyhierarchy, 

0353 A generating polyhierarchy generally encodes a 
target classification in a compact, clearly understandable 
form. For example, FIG. 20 schematically shows the gen 
erating polyhierarchy of criteria 2000 encoding the sample 
classification of automobile models considered in the Section 
above titled “Description of the Related Art” and schemati 
cally illustrated in FIGS. 1, 2, 3, and 4. A generating 
polyhierarchy can be represented in a text format using the 
Polyhierarchy Description Language (PolyHDL) designed 
by QNT Software Development Inc. The summary of Poly 
HDL syntax and its illustrative application to describe 
generating polyhierarchy 2000 are presented, respectively, 
in FIGS.21 and 22. The template classification in PolyHDL 
format as shown in FIG. 22 can be used as a prototype for 
developing more detailed car classifications, or included as 
a Standard component in more general classifications of 
machinery products, means of conveyance, goods for Sale, 
and the like. 

0354) To facilitate performing low-level operations with 
descriptive Structures representing criteria, branches, 
attributes, attributive expressions and their components, the 
configuration of the data repository used for classification 
Storage, may be optimized. The optimal configuration of the 
data repository usually depends on a chosen form of the 
attributive expressions, as it was Schematically shown, for 
example, in the sections above titled “Illustrative Embodi 
ments of Database Configuration Facilitating Simple Col 
lections' and "Illustrative Embodiments of Database Con 
figurations Facilitating Collections with Branch Unions and 
Unions of Simple Collections”. 
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0355 To support higher-level operations, such as access 
to a data repository, logical operations on attributive expres 
Sions, interactive input and output of object descriptions, 
programing interfaces for automatic Specialization as Set 
forth in box 1970, and the like, an auxiliary software 
environment is usually required. Functionality of the auxil 
iary Software typically depends on the Set of logical opera 
tions Supported by the chosen form of the attributive expres 
Sions, and potentially, application-specific features of the 
interfaces. For applications utilizing Standard Sets of opera 
tions, the functionality may be Supported by a Standard 
Software library available for purchase. 
0356. At different stages of the method implementation, 
including construction, management, and use of the polyhi 
erarchical classification, the Software environment may gen 
erally Support a number of operating modes. These operating 
modes may include, for example,: 

0357 describing root categories of new criteria and/ 
or Sub-hierarchies of criteria for an existing (in 
particular, empty) generating polyhierarchy of crite 
ria and incorporating new components to the existing 
generating polyhierarchy, 

0358 removing selected criteria and/or sub-hierar 
chies of criteria from an existing generating polyhi 
erarchy; 

0359 adding branches to existing criteria and 
removing Selected branches of criteria; 

0360 automatically constructing attributive expres 
Sions of classification categories defined by 
Sequences of Specializations by applicable criteria; 

0361 automatically performing tests for inclusion 
between categories represented by their attributive 
expressions, 

0362 automatically recognizing applicable criteria 
at a current Specialization level; 

0363 browsing an induced polyhierarchy of catego 
ries where the attributive expressions describing the 
categories are automatically constructed in run-time; 

0364 dynamically extracting user-specified sub-hi 
erarchies of an induced polyhierarchy of categories 
using algorithms for retrieving direct parent and 
direct child categories, 

0365 automatically performing set-theory opera 
tions on categories represented by their attributive 
expressions, where a set of Supported operations 
depends on the chosen form of the attributive expres 
SIOnS, 

0366 interactively associating classified objects 
with classification categories via Specifying object 
properties by Superposition of applicable criteria 
with an automatic generation of the respective 
attributive expression; 

0367 automatically associating classified objects 
with classification categories using programming 
interfaces Specifically designed for an automatic 
identification of object properties in terms of attribu 
tive expressions, 
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0368 moving classified objects from one category 
to another and removing Selected objects from a 
classification; 

0369 interactively searching for particular objects 
Via Specifying object properties by Superposition of 
applicable criteria, or using user-specified queries 
encoding logical Statement of a composition of 
object properties, 

0370 automatically searching for particular objects 
using programming interfaces designed for an auto 
matic generation of queries encoding logical State 
ment of a composition of object properties, 

0371 automatically recognizing persistent catego 
ries required to be associated with new classified 
objects, and recording respective attributive expres 
Sions in a data repository; 

0372 removing attributive expressions of selected 
persistent categories from a data repository. 

0373 AS indicated above, aspects of this invention per 
tain to Specific "method functions' implementable through 
various information processing Systems including, but not 
limited to, electronic, photonic, quantum, biological and 
mechanical Systems. In an alternate embodiment, the inven 
tion may be implemented as a computer program product for 
use with a computer System, control device, interface Sub 
System, or their components Such as integrated circuits. 
Those skilled in the art should readily appreciate that 
programs defining the functions of the present invention can 
be delivered to a computer in many forms, which include, 
but are not limited to: (a) information permanently stored on 
non-writeable Storage media (e.g., read only memory 
devices within a computer such as ROMs or CD-ROM disks 
readable only by a computer I/O attachment); (b) informa 
tion alterably stored on writeable storage media (e.g., floppy 
disks and hard drives); (c) information conveyed to a 
computer through communication media, Such as a local 
area network, a telephone network, or a public network like 
the Internet, or (d) information encoded in a pre-designed 
Structure of hardware component, Such as a microchip. It 
should be understood, therefore, that Such media, when 
carrying computer readable instructions that direct the 
method functions of the present invention, represent alter 
nate embodiments of the present invention. 
0374. The particular embodiments disclosed above, and 
described with particularity, are illustrative only, as the 
invention may be modified and practiced in different but 
equivalent manners apparent to those skilled in the art 
having the benefit of the teachings herein. Furthermore, no 
limitations are intended to the details of construction or 
design herein shown, other than as described in the claims 
below. It is therefore evident that the particular embodiments 
disclosed above may be altered or modified and all such 
variations are considered within the Scope and Spirit of the 
invention. Accordingly, the protection Sought herein is as Set 
forth in the claims below. 

What is claimed: 
1. A method for providing a polyhierarchical classifica 

tion, the method comprising: 
identifying properties of objects considered useful for 

distinguishing objects under classification; 
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identifying a plurality of criteria for Specializing the 
identified properties of the objects, wherein each cri 
terion of the plurality of criteria is defined by a set of 
mutually exclusive attributes So that a Single classified 
object can be assigned no more than one attribute by the 
Same criterion; 

choosing a form of attributive expressions for describing 
classification categories, wherein the attributive 
expressions are information Structures encoding logical 
formulas that define compositions of object properties 
in terms of attributes from the plurality of criteria, 
while the form of the attributive expressions is cus 
tomizable; and 

identifying a domain of applicability for each criterion, 
wherein the domains of applicability are representable 
by attributive expressions composed of attributes from 
other criteria or the empty attributive expression, and a 
dependence relationship between criteria is defined by 
the inclusion of attributes in the attributive expressions, 
wherein a Selected criterion depends on another crite 
rion if the attributive expression defining its domain of 
applicability includes at least one attribute by the other 
criterion, and a generating polyhierarchy of criteria is 
automatically established by the dependence relation 
ships between the criteria, wherein, 
the attributive expressions identifying domains of 

applicability of criteria, define corresponding root 
categories in the polyhierarchical classification, 
wherein each criterion originates from its respective 
root category, and 

when established, the generating polyhierarchy of cri 
teria implicitly defines an induced polyhierarchy of 
classification categories without requiring an explicit 
enumeration of the categories and an ordering 
between them. 

2. The method of claim 1, wherein the induced categories 
are represented by the Set of all valid attributive expressions. 

3. The method of claim 1, further comprising Storing the 
generating polyhierarchy of criteria in a data repository. 

4. The method of claim 1, wherein the generating polyhi 
erarchy of criteria is represented in an alternative form other 
than attributive expressions, wherein the alternative form is 
distributable and capable of being converted into a repre 
Sentation in terms of equivalent attributive expressions. 

5. The method of claim 1, wherein the configuration of the 
data repository used to Store the generating polyhierarchy of 
criteria and persistent categories of the induced classification 
of categories is customized for facilitating basic operations 
on attributive expressions of the chosen form. 

6. The method of claim 1, further comprising developing 
non-application Specific reusable Software code that facili 
tates polyhierarchy classification operations, wherein func 
tionality of the Software code depends on the chosen form of 
the attributive expressions and Supported operations on the 
generating polyheiarchy of criteria and the induced polyhi 
erarchy of categories. 

7. The method of claim 1, wherein the domains of criteria 
applicability are identified Simultaneously when identifying 
the plurality of criteria. 

8. The method of claim 1, wherein criteria sharing a root 
category are not ordered with respect to each other in the 
Structure of the generating polyhierarchy of criteria. 



US 2005/0065955 A1 
29 

9. The method of claim 8, wherein the criteria sharing the 
root category are not ordered with respect to each other in 
the Structure of the generating polyhierarchy of criteria but 
are ordered in an application environment for Selected 
purposes. 

10. The method of claim 1, further comprising: 

during run-time, automatically generating additional 
attributive expressions that describe corresponding cat 
egories for classifying objects, wherein the additional 
categories are part of the induced polyhierarchy of 
classification categories but are not necessary for defin 
ing the Structure of the generating polyhierarchy of 
criteria. 

11. The method of claim 1, wherein choosing the form of 
the attributive expressions includes constructing an applica 
tion-specific form that is designed based on a set of Sup 
ported operations to be used for defining classification 
categories. 

12. The method of claim 1, wherein the form of the 
attributive expressions includes at least one of the following: 

attributive expressions encoding a conjunction of elemen 
tary Specializations, wherein each elementary Special 
ization is encoded by a single attribute, and no one 
attributive expression includes more than one attribute 
from the same criterion; 

attributive expressions encoding a conjunction of logical 
terms, wherein each logical term is a disjunction of 
elementary Specializations encoded by attributes from 
the same criterion, or a negation of an elementary 
Specialization encoded by a complement of an attribute, 
and no one attributive expression includes codes of 
more than one disjunctive logical term with the same 
criterion; 

attributive expressions encoding a disjunction of logical 
terms, wherein each logical term is a conjunction of 
elementary Specializations encoded by attributes from 
different criteria, and no one code of a logical term 
contained in an attributive expression includes more 
than one attribute from the same criterion; and 

attributive expressions encoding a disjunction of logical 
terms, wherein each logical term is a conjunction of 
Simpler logical terms, wherein each simpler logical 
term is a disjunction of elementary Specializations 
encoded by attributes from the same criterion, or a 
negation of an elementary Specialization encoded by a 
complement of an attribute, and no one code of a 
conjunctive logical term includes codes of more than 
one Simpler disjunctive logical term with the same 
criterion. 

13. The method of claim 1, further comprising extending 
the polyhierarchy classification by introducing an additional 
attribute to an existing criterion. 

14. The method of claim 1, further comprising extending 
the polyhierarchy classification by introducing an additional 
criterion into the generating polyhierarchy of criteria, 
wherein the additional criterion has a root category defined 
in terms of attributes from existing criteria, and the depen 
dence relationships between the existing criteria and the 
additional criterion automatically incorporates the additional 
criterion into the generating polyhierarchy of criteria. 
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15. The method of claim 1, further comprising: 
adding a Second polyhierarchy classification to the exist 

ing polyhierarchy classification; 
identifying a root category from which the Second polyhi 

erarchy classification is to originate from in the existing 
polyhierarchy classification, wherein the identified root 
category is defined in terms of attributes from existing 
criteria, and the dependence relationships between the 
existing criteria and topmost criteria of the Second 
polyheiarchy automatically incorporates the Second 
polyhierarchy classification into the existing polyhier 
archy classification. 

16. The method of claim 1, further comprising: 
Storing the generating polyhierarchy of criteria as a reus 

able template classification that is capable of being 
asSociated with a set of objects. 

17. The method of claim 16, further comprising: 
using the template classification as a prototype classifi 

cation for constructing a more comprehensive gener 
ating classification of criteria. 

18. The method of claim 16, further comprising: 
using the template classification or at least one of its 

components as a component of another polyhierarchy 
classification. 

19. The method of claim 1, further comprising: 
When classifying objects, automatically identifying per 

Sistent categories from the induced polyhierarchy of 
classification categories that Serve as containers for the 
classified objects in the induced polyhierarchy of clas 
Sification categories, and 

Storing attributive expressions defining the identified per 
Sistent categories, wherein all other categories used 
with the application are capable of being dynamically 
restored in run-time using the generating polyhierarchy 
of criteria. 

20. The method of claim 1, further comprising: 
browsing the polyhierarchy classification; and 
extracting user-specified Sub-hierarchies in the induced 

polyhierarchy of classification categories, wherein the 
user-specified Sub-hierarchies are automatically 
restored during run-time using algorithms for retrieving 
direct child categories and direct parent categories of 
Selected classification categories, wherein the direct 
child and parent categories of the Selected categories 
are defined by the Structure of the generating polyhi 
erarchy of criteria and the form of the attributive 
expressions. 

21. The method of claim 1, further comprising: 
automatically performing tests for inclusion between clas 

Sification categories to determine whether a general 
Specific relationship exists between the categories, 
wherein the algorithm used to test for inclusion 
depends on the chosen form of the attributive expres 
Sions representing the classification categories. 

22. The method of claim 1, wherein the chosen form of the 
attributive expressions determines what Set theory opera 
tions on categories are Supported in the induced polyhier 
archy of categories, wherein the Supported operations 
includes at least one of: 
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interSection of categories, 
difference of categories, 
unification of categories, and 
complement of a category. 
23. The method of claim 1, further comprising: 
classifying a set of available objects by associating the 

objects with attributive expressions defining categories 
in the induced polyhierarchy of classification catego 
ries, wherein Software code Supporting the polyhierar 
chy classification provides for an automatic extension 
of persistent categories Serving as containers for the 
classified objects. 

24. The method of claim 23, wherein the polyhierarchy 
classification includes an option of extending the Set of 
objects classified by the polyhierarchy classification. 

25. The method of claim 23, further comprising: 
facilitating an interactive classification of new objects, 

wherein the interactive classification includes Specify 
ing traits of a new object using the criteria of the 
generating polyhierarchy of criteria, wherein a Set of 
Specified traits determines a current Specialization level 
in the polyhierarchical classification, and the polyhier 
archical classification: 

provides automatic recognition of all criteria that are 
applicable to the new object at the current specializa 
tion level, 

provides random access to all the criteria applicable at the 
current Specialization level, and 

automatically constructs attributive expressions for the 
for respective persistent categories Serving as contain 
erS for the classified objects. 

26. The method of claim 23, wherein the generating 
polyhierarchy facilitates an automatic classification of new 
objects with run-time constructed attributive expressions for 
the new objects using an external application-specific pro 
gramming environment that automatically retrieves 
attributes for encoding the traits of the new object and 
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classifies the new object by dynamically composing the 
attributes into an attributive expression. 

27. The method of claim 23, further comprising: 
facilitating an interactive Search and retrieval of informa 

tion on Specific objects from the Set of classified objects 
by Specifying a Set of traits of the Specific objects using 
criteria of the generating polyhierarchy, wherein the Set 
of Specified traits determines a current Specialization 
level in the polyhierarchical classification, and the 
polyhierarchical classification automatically recog 
nizes all criteria applicable to the Search at the current 
Specialization level and provides random access to all 
the applicable criteria. 

28. The method of claim 27, wherein facilitating an 
interactive Search and retrieval of information is performed 
using a user interface that is operable for entering queries 
that include logical combinations of traits, wherein the user 
interface is capable of translating the queries into respective 
attributive expressions for Searching and retrieving informa 
tion on the classified objects. 

29. The method of claim 28, wherein the form of the 
attributive expressions used for facilitating user queries 
when Searching classified objects is different from the cho 
Sen form of the attributive expressions for constructing the 
polyhierarchical classification. 

30. The method of claim 23, further comprising: 
facilitating an automatic Search for and retrieval of infor 

mation on objects pertaining to a particular category of 
the induced polyhierarchy of classification categories, 
wherein the category is defined by a dynamically 
constructed attributive expression, and the polyhierar 
chical classification provides return information 
requested using an external application-Specific pro 
gramming environment. 

31. The method of claim 30, wherein automatic queries 
are encoded by attributive expressions using a form that is 
different from the chosen form of the attributive expressions 
for constructing the polyhierarchy classification. 


